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SYNOPSIS
Cardiac glycosides represent a group of drugs that has been used in the treatment of heart
disease since ancient times. These compounds are the conjugation products between a carbohydrate-
and a steroid moiety. A characteristic feature of the steroid is the presence of a 17J3-unsaturated
lactone ring. The toxicity of these compounds, however, limits their application as cardiotonic drugs
and attests to the ongoing search for less toxic analogues.
After careful investigation of the properties regarded to contribute to the respective toxic- and
inotropic effects of the cardiac glycosides, an analogue of the naturally occurring bufadienolide
cotyledoside was considered for synthesis. The intention was to examine the effect of the interesting
doubly linked sugar moiety on the pharmacological action of the cardiac glycoside when it is linked
to the simpler digitoxigenin type of aglycone. Emphasis was placed on the synthesis of the tricyclic
structure comprising the carbohydrate moiety doubly linked to the A-ring of the steroid aglycone
through two acetal linkages at C-2a and C-3J3 of the steroid; the inexpensive cholesterol was
therefore used as steroid starting material in this preliminary study. The carbohydrate- and steroid
chiral precursors (chirons) were synthesized by means of two consecutive routes, and thereafter
efficiently assembled through an a-glycosidic linkage.
The carbohydrate chiron, prepared from t-fucose, had an anomeric thiophenyl activating group
that was stable under a wide range of reaction conditions. This substrate served as a powerful
glycosylating agent once exposed to the action of a suitable thiophilic agent. Ketone formation at C-
3' was required to make provision, in the presence of the 2a-steroidal hydroxyl function, for the
formation of the second acetal linkage between the two moieties. In order to regioselectively
manipulate the remaining three hydroxyl groups, the 3' ,4' -cis-diol unit of the fucose derivative was
converted into the corresponding cyclic orthoacetate. This allowed selective protection of the C-2'
hydroxyl group as its benzyl ether. Site-selective solvolysis of the orthoacetyl group afforded the 3'-
hydroxyl, 4'-O-acetyl derivative. Oxidation of the alcohol, at this stage however, proved to be
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premature because of facile a,p-elimination of this ketone to form the enone (2S,3R)-3-acetoxy-5-
benzyloxy-2-methyl-2,3-dihydro-4H-pyran-4-one. A series of appropriate protecting groups for the
C-3' hydroxyl was examined, whereby the tert-butyldimethylsilyl group emerged, at the outset, as
befitting for the purpose.
Starting from cholesterol, the additional hydroxyl functionality was efficiently introduced at C-2
of the steroid in a two-step procedure. Firstly, 2a-hydroxy-5a-cholestan-3-one was obtained upon
treatment of 3-cholestanone with hexamethyldisilazane and iodotrimethylsilane. This product of
thermodynamic control was then stereospecifically oxidised by dimethyldioxirane to incorporate the
2a.-hydroxyl functionality in a high yield. This group was masked as the corresponding
allyloxycarbonyl, whereafter the 3-ketone function was reduced to yield the 3p-hydroxyl derivative,
thus concluding the preparation of the glycosyl acceptor.
Condensation of the two chirons, linked by a bond, proceeded in a highly stereospecific
fashion. Although the second acetal linkage was not formed during this study, preliminary model
studies showed the way for the efficient prospective synthesis of the tricyclic component of the
cardiac glycoside.
OPSOMMING
Die gebruik van hartglikosiede as geneesmiddels vir die behandeling van hartkwale dateer reeds
uit die 13de eeu. Hierdie verbindings bestaan uit 'n koolhidraat- en 'n steroleddeelstruktuur wat
deur een of meer asetaalbindings verbind word. 'n Kenmerkende eienskap van hierdie betrokke
steroiede is die aanwesigheid van 'n 17J3-onversadigde laktoonring. Die giftigheid van hierdie
verbindings beperk egter hul aanwending as kardiale middels en noodsaak die volgehoue soeke na
minder giftige analoe.
Nadat die eienskappe wat bydra tot die onderskeidelike giftige- en inotropiese effekte van die
hartglikosiede noukeurig nagegaan is, is 'n analoog van die natuurlike bufadienolied cotyledosied vir
sintese oorweeg. Die oogmerk was om die farmakologiese uitwerking van die dubbel-gekoppelde
suikergedeelte van die hartglikosied, wanneer dit aan die eenvoudiger digitoksigenien-tipe aglikoon
gebind is, te ondersoek. Klem is geplaas op die sintese van die trisikliese ringstruktuur bestaande uit
die suikergedeelte gebind aan die A-ring van die steroledaglikoon deur twee asetaalbindings by C-2a
en C-3J3 van die steroied; die goedkoop cholesterol is dus as sterofedrnodelstof vir hierdie voorlopige
studie gebruik. Die koolhidraat- en steroled chirale voorlopers (chirone) is langs twee linieere roetes
gesintetiseer en daarna doeltreffend gekoppel deur 'n a-glikosiedbinding.
Die suikerchiron, berei vanuit t-fukose, het 'n anomeriese tiofenielaktiveringsgroep besit wat
onder 'n verskeidenheid van kondisies stabiel was. Hierdie substraat het ook as kragtige
glikosideringsmiddel opgetree tydens blootstelling aan 'n geskikte tiofiliese reagens. Ketoonvorming
by C-3' was nodig om, in die teenwoordigheid van die 2a-hidroksiefunksionaliteit, voorsiening te
maak vir die vorming van die tweede asetaalbinding tussen die twee gedeeltes. Ten einde
regioselektief tussen die drie oorblywende hidroksielgroepe te onderskei, is die 3' ,4'-cis-diol-eenheid
van die fukose-derivaat in die ooreenkornstige sikliese ortoasetaat ornskep. Die selektiewe
beskerming van die C-2' hidroksielgroep as die bensieleter is sodoende bewerkstellig. Milde
solvolise vandie ortoasetielgroep het die 3'-hidroksie, 4'-O-asetiel-derivaat gelewer. Oksidasie van
die alkohol het op hierdie stadium te vroeg blyk te wees omdat geredelike a,J3-eliminasie van hierdie
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ketoon tot die vorming van die enoon (2S,3R)-3-asetoksi-5-bensieloksi-2-metiel-2,3-dihidro-4H-
piran-4-oon gelei het. 'n Reeks geskikte beskermingsgroepe vir die C-3' hidroksielgroep is
vervolgens ondersoek, waartydens die tert-butieldimetielsilielgroep aanvanklik as mees geskik bewys
is.
Met cholesterol as aanvangsmateriaal is die addisionele hidroksiegroep op 'n doeltreffende wyse
by C-2 van die steroied in 'n tweestapprosedure ingevoeg. Eerstens is 2a-hidroksi-5a-cholestan-3-
oon verkry deur die behandeling van 3-cholestanoon met heksametieldisilasaan en
jodotrimetielsilaan. Hierdie produk van termodinamiese beheer is stereospesifiek geoksideer met
dimetieldioksiraan om die inkorporering van die 2a-hidroksielfunksionaliteit in 'n hoe opbrengs te
bewerkstellig. Hierdie groep is as die ooreenstemmende allieloksikarboniel beskerm, waarna die 3-
ketoonfunksionaliteit gereduseer is om die 3(3-hidroksie-derivaat te lewer. Sodoende is die bereiding
van die glikosielakseptor afgehandel.
Kondensasie van die twee chirone, gekoppel deur 'n glikosiedbinding, het op 'n hoogs
stereospesifieke wyse verloop. Alhoewel die tweede asetaalbinding nie tydens hierdie ondersoek
gevorm is nie, het voorlopige modelstudies die weg gebaan vir die voorgenome sintese van die
trisikliese gedeelte van die hartglikosied.
ABBREVIATIONS
Ac acetyl
Alloc allyloxycarbonyl
Ar aryl
Bn benzyl
Bz benzoyl
DAST (diethylamino)sulphur trifluoride
DMF N,N-dimethylformamide
DMSO dimethyl sulphoxide
DMTST dimethyl(methylthio)sulphonium trifluoromethane
sulphonate
Et ethyl
HMDS hexamethyldisilazane
IDCP iodonium sym-dicollidine perchlorate
MCPBA meta-chloroperoxybenzoic acid
Me methyl
NBS N-bromosuccinimide
NIS N-iodosuccinimide
Ph phenyl
Phth phthal
psi pounds per square inch
RAU Rand Afrikaans University
rt room temperature
SEM [2-(trimethylsilyl)ethoxy]methyl
TBDMS ten-butyldimethylsilyl
TCC
TES
Tf
THF
TLC
TMS
vi
trichloroethoxycarbonyl
triethylsilyl
(trifluoromethyl)sulphonyl
tetrahydrofuran
thin layer chromatography
trimethylsilyl
CHAPTERl
THE PHARMACEUTICAL SIGNIFICANCE OF CARDIAC GLYCOSIDES
1.1 The importance ofcardiac glycosides
The first recorded reference to the medicinal properties of cardiac glycosides is believed to have
been made in 1250, although the drugs were used long before that in folk medicine, particularly by
the Welsh. In 1785 the Scottish physician William Withering's famous monograph An account ofthe
foxglove and some of its medical uses was published, a book' that opened an important chapter in
modern pharmacology. The purple foxglove (Digitalis purpurea) and the woolly foxglove (Digitalis
lanata) were discovered to be the principle sources of cardiac glycosides, one of the oldest groups of
drugs used in medicine.' Cardiac glycosides are of considerable importance as heartbeat regulators
in the treatment of heart disease. These inotropic agents have the ability to enhance the efficiency of
the failing heart, and for this reason the cardiac glycosides belong to the ten leading prescription
pharmaceuticals sold in the United States in 1990.3
1.2 The structural features ofcardiacglycosides
1.2.1 Chemical classification
Digoxin (1.1), sold under the tradename Lanoxin, is a representative example of the cardiac
glycosides.
2OH
HO
OH
o
H
1.1
These are the conjugation products of a carbohydrate- and a non-carbohydrate portion, called
the aglycone or genin. The aglycones may be classified into two groups:" the cardenolides (also
called butenolides), as exemplified by digoxin (1.1), contain a five-membered a.,p-unsaturated
lactone derived from 4-hydroxybutenoic acid at the 17P-position, and the bufadienolides e.g.
physodine AS (1.2), that have a six-membered di-unsaturated lactone derived from 5-
hydroxypentadienoic acid.
o
rn'id
flO 1.2
31.2.2 Aglycones
The aglycones of the cardiac glycosides are distinguished from other steroids by three unusual
features: (i) a cis C/D-ring junction, (ii) a 14p-hydroxyl group and (iii) an a,p-unsaturated lactone
attached to the 17P-position. If any of these features are changed, most, or all of the biological
activity is lost. All naturally occurring cardiotonic aglycones possess a 3-hydroxyl group that must
be p-oriented for biological activity. The sugars are always attached to the aglycone through the
oxygen functionality at the C-3 position.
1.2.3 £:arbohydnates
When the sugar moieties of the cardiac glycosides are cleaved from the aglycones, biological
activity is retained by the latter but is absent in the free sugars. In spite of this, the sugars playa
key role in modulating the activity of the glycoside to such an extent that the detached aglycones are
quite unsatisfactory as therapeutic agents." The number of sugar units in the cardiac glycosides vary
from one to four. The sugars are invariably in the pyranose form and the attachment to the aglycone
is through a p-glycosidic linkage for n-sugars and an a-linkage for L-sugars.
1.3 The call for less toxic cardiac glycosides
The cardiac glycosides are extremely toxic, thereby limiting their application as cardiotonic
drugs," Most patients receive up to 60% of the toxic dose in order to obtain the desired therapeutic
response. As a consequence, cardiac glycosides are responsible for one-half of all drug-induced
deaths in hospitals.f There is therefore an urgent call for less poisonous analogues with wider
therapeutic ratios.
The cardiac glycosides are unique inhibitorsv" of the Na+,K+-ATPase, an enzyme responsible
for the excitability of nerve and muscle cells. Most investigators engaged in Na+,K+-ATPase
researcb'' agree that the toxic effects of the glycosides, like their positive inotropic effects, are
intimately related to their binding to the enzyme. The structure-activity relationships9 of cardiac
4glycosides have been studied by many laboratories for over forty years. The interaction between
certain groups on the glycoside with different sites in the ATPase has been discovered to be
responsible for the toxic- and inotropic properties of these compounds respectively. 10 The synthetic
organic chemist could play a vital role in providing a chemical solution to a biological problem by
separating the two activities. Studies conducted on the physiological activity of synthetic analogues
will indicate which of the functional groups are responsible for the toxicity by their chemical
removal while conserving those responsible for the benefits of the drug.
1.4 The structuresofcotyledoside and its hypothetical syntheticanalogue
In South Africa annual stock losses are caused by certain cardiac glycosides present in members
of the Crassulaceae family." In view of its potency, different parts of Tylecodon wallichii were
subjected to chemical studies, culminating in the discovery of a new cardiac glycoside provisionally
named cotyledoslde.F An incorrect initial structural allocation was subsequently revised 13 to 713,8-
epoxy-14-hydroxy-2a,3J3-(tetrahydro-3,5-dihydroxy-4-methoxy-6-methyl-2H-pyran-2,4-diyldioxy)-
5a-bufa-20,22-dienolide (1.3) after thorough chemical and spectral sudies.
1.3
Cotyledoside (1.3) represents the first example of a naturally occurring bufadienolide with a
doubly linked sugar moiety. A number of cardenolide glycosides are known in which the
5carbohydrate group is doubly linked to the aglycone through two acetal linkages at C-3P and C-2a of
the steroid moiety, for example gomphoside (1.4).14
(tHO OH 0'" .....2' . 2I' 3
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The carbohydrate mode of attachment in cotyledoside, however, differs from that of
gomphoside in that the acetal linkages are at c-r" and C-3' instead of attachment at C-l'and C-2', as
in the cardenolides such as 1.4. Thomas and co-workers15 discovered that the high potency of
compounds with doubly linked carbohydrate moieties, and gomphoside (1.4) in particular, can be
attributed to their rigid conformations due to their inability to rotate. The resulting topological
features, in terms of functional groups, molecular shape and electronic properties may have an
important bearing on their modes of action in inhibiting the ATPase enzyme at molecular level.
Prompted by these findings, we decided to examine the effect of the interesting sugar moiety of
the type found in cotyledoside on the overall inotropicity and its modulation of the toxicity of the
cardiac glycoside. Digitoxigenin (1.5) was selected as the aglycone because it has been proven to be
the most suitable for therapeutic purposes."
·The carbohydrate carbons are indicated by primed numbers in order to distinguish them from those of the
steroid moiety.
6H
1.5
In designing an analogue less toxic than cotyledoside, the six-membered di-unsaturated lactone
and the additional 7,8-epoxide functionalities on the steroid should be absent as these have, generally
speaking, been found to reduce the beneficial activity of the glycoside.16 In light of the above
information, there was much reason to believe that the hypothetical synthetic analgue 1.6 could turn
out to be a pharmacologically more acceptable variant.
~RO. OC:....H3C ""'''O~o ·....1110
1.6
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Stephen Hanessian" maintains that the synthesis of these new-generation breeds of man-made
molecules, generated through logic, intuition and basic knowledge in combination with computer
generated 3-dimensional structures, is one aspect of total synthesis for the present and near future.
He is of the opinion that total synthesis has evolved to a point where it must be practised with a
purpose that transcends intellectual curiosity, sheer challenge or other reasons for conquest. The
major advances that have been made in biology, pharmacology and protein crystallography
necessitate a closer interface between biology and chemistry. Armed with an arsenal of innovative
methods for chemo-, stereo- and site-selective chemical transformations that have become available
7with the steady influx of protecting groups, the synthetic organic chemist is instrumental in the
creation of novel, clinically relevant molecules.
1.5 Synthetic strategy
A number of years ago, Hanessian18 suggested the term chiron to describe a chiral synthon. A
chiron is defined as an enantiomerically pure molecule that contains a good level of functional and
stereochemical overlap with a substructure in the target molecule. Although chirons can be obtained
from a number of sources, they are in general accessible via asymmetric synthesis or from pre-
existing optically chiral molecules (templates). The chiron approach to synthesis involves the
disconnection of strategic bonds in a target structure with minimum perturbation of chiral centres.
Conversely, in the synthon approach, first proposed by E.J. Corey;" and widely used in synthetic
operations, stereochemical issues are not a prime concern. Instead, this approach involves the
generation of idealised fragments, intermediates, etc., by bond disconnections in a retrosynthetic
fashion. The chiron approach also capitalizes on retrosynthetic analysis but conservation of
stereochemistry during bond disconnection is at a premium. The formation of chiral substructures
derived from target molecules becomes the primary goal.
A synthetic approach to the cardenolide 1.6 with its unusual structural, conformational and
functional features was based on the retrosynthetic analysis outlined in Scheme 1.1. The tricyclic
structure of the steroid A-ring, doubly linked to the monosaccharide, harbours seven chiral atoms,
each of which bears at least one hetero atom. Creating and maintaining the correct stereochemistry
was therefore of paramount importance in addressing the synthesis of this molecule.
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1.13 R5=H
1.14
9Intramolecular acetal formation (Scheme 1.1) and simultaneous methylation under suitable
reaction conditions would follow the removal of the C-2 protecting group on the steroid (R3; 1.7).
Clearly, a synthetic method for regiospecifically preparing the C-3' ketone was needed; fortunately
regiocontrol in carbohydrate chemistry is attainable by a few reliable methods. In order to allow for
regioselective C-3' ketone formation, the C-3' hydroxyl group on the monosaccharide derivative had
to be protected by a selectively hydrolyzable protecting group (R'1. The anomeric C-l' position was
to be protected by a group that could be transformed into a leaving group under selected
glycosidation conditions ex, 1.9). Upon further analysis, the carbohydrate 1.9 was related to 6-
deoxy-i.-galactose (t-fucose, 1.10), a monosaccharide that has the correct stereochemistry on all of
its chiral centres.
It was conjectured that 1.11 would arise from a-hydroxylation of the corresponding C-3 ketone
1.14. It is apparent that there are four possible stereoisomers for this structure, namely two cis- and
two trans 2,3-dihydroxy isomers. It will transpire from the ensuing chapters that provision was
made for the control of stereochemistry in the design of the synthesis.
In addressing the construction of the 17J3-butenolide functionality, as well as the incorporation
of a 14J3-hydroxyl group into the steroid skeleton, our intention was to use the chemistry generated
by various laboratories. In most work2o aimed at cardenolide synthesis, pregnan-20-one derivatives,
e.g. 1.15 are utilized as starting materials (Scheme 1.2).
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1.15
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SCHEME1.2
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Micovic et al.21 recently disclosed a facile preparation of 16-dehydropregnenolone acetate
(1.17) from the naturally occurring and abundant sapogenin diosgenin (1.16) in a simple, one-pot
procedure (Scheme 1.3). Various methods for the efficient introduction of a 1413-hydroxyl group
into the steroid nucleus have been developed.22
HO
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65- 69010 (overall)
SCHEME 1.3
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The main focus of this M.Sc study was therefore to synthesize the carbohydrate moiety that was
doubly linked to the A-ring of an appropriate steroid. For this reason the inexpensive and readily
available cholesterol (1.18) served as steroid for this initial model study. Studies conducted in the
RAU laboratory23 have, however, indicated that similar transformations can be achieved on
diosgenin in high yield.
1.18
1.6 The importance ofstereocontrolled synthesis
Controlling the stereochemical outcome of a chemical transformation has always been a major
goal for synthetic organic chemists. Nowhere are such needs more manifest than in the synthesis of
11
natural products and molecules of biological interest, since stereochemistry is the common
denominator between chemistry and biology. Receptor sites in biological systems, which are
optically active, have the ability to differentiate between two enantiomers of a specific molecule.
Although the apparent physical differences between two enantiomers may seem small, the spatial
orientation of a single functional group may drastically affect the properties of the compound.i" For
instance, the (R)- and (S)-enantiomers of limonene (Scheme 1.4) taste like orange and lemon
respectively; (R)-asparagine tastes sweet whereas the (S)-enantiomer has a bitter taste, and the (SS)-
form of ethambutol is a well-known tuberculostatic while the (RR)-form causes blindness. These
commonly encountered differences in the properties of enantiomers place stringent demands on in
vitro syntheses of chiral products for biological applications.
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The synthesis of an enantiomerically pure (enriched) molecule calls for the use of
enantiomerically pure starting materials or asymmetric synthetic techniquesr" recent advances in this
area have facilitated the preferential preparation of one enantiomer over its mirror image in excesses
often greater than 95%. However, the ability to routinely emulate enzymes is still far from
becoming a reality and remains one of the most demanding challenges facing modern organic
chemists.
The readily accessible L-fucose (1.10) was indicated as the carbohydrate starting material for the
planned synthesis; being a monosaccharide it is unmatched, on a per-carbon basis, in chirality and
functionality. On the other hand, the 2,3-dioxygenated steroid derivative 1.11 is not commercially
available and had to be prepared from 3-cholestanone. This meant that two contiguous chiral centres
had to be synthesized in a stereocontrolled fashion; in this regard it was therefore not possible to
capitalize on existing chiral centres at C-2 and C-3 of an enantiomerically pure starting material.
CHAPTER 2
SYNTHESIS OF THE AGLYCONE ClllRON
2.1 Introduction
The scenario for a synthetic plan was established on studying the retrosynthetic analysis of 1.6
(Scheme 1.1) and the most effective route for stereoselectively introducing a 2a-hydroxyl
functionality into cholesterol had to be considered for the preparation of 1.11.
The incorporation of a hydroxyl group into a molecule is often accomplished by the a-
hydroxylation of the corresponding ketone.26 A ketone 2.1 is generally converted in good yield into
the silyl enol ether 2.2 (Scheme 2.1), a masked ketone found to be a very versatile intermediate in
organic synthesis?7,28 Since Hassner's29 initial report in 1975, the oxidation of silyl enol ether with
peracid has made a reliable method for the preparation of u-silyloxy- and a-hydroxy ketones.
° [ R,SiO<, p, /' ]II base R3SiO........ / MCPBA~-C-CH- ~ /C=C, /C-C,I R3SiX
2.1 2.2 2.3
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2.6 2.5 2.4
SCHEME 2.1
14
From the results it is evident that the carbon bearing the silyloxy group becomes the carbonyl
group in the product and that the hydroxyl group becomes attached to the other end of the original
carbon-carbon double bond. Various studies30,31 have, at least partly, confirmed the initial postulate
that the reaction of the silyloxy enol ether with m-chloroperoxybenzoic acid (MCPBA) involves the
intermediacy of the 2-silyloxy epoxide 2.3. A few of these intermediates have been observed'" by
NMR- and mass spectrometry by employing highly skilful techniques and working under carefully
controlled conditions. Epoxides bearing good leaving groups directly on the oxirane ring are known
to be very unstable and highly prone to rearrangement or hydrolysis.f Usually the unstable epoxide
2.3 undergoes acid promoted cleavage to afford the carbocation 2.4; subsequent 1,4-silyl
rearrangement gives the o-siloxy ketone 2.5. e-Silyloxy ketones have been isolated30,34 upon non-
aqueous work-up under dry and strictly neutral conditions, but are most often hydrolysed to the
expected hydroxy ketones 2.6 on contact with mild base.
2.2 Regiocontrolled enolization
When the synthesis of any a-hydroxy compound from the parent ketone is contemplated, two
main problems encountered are (i) the control of the stereochemistry of the newly introduced
hydroxyl group and (ii) in the case of unsymmetric ketones, the control of the regioselectivity during
the enolization step. Enolate formation (Scheme 2.2) in unsymmetric ketones, e.g. 3-cholestanone
(2.7) can most often give rise to two isomers, a product of thermodynamic control (2.8) and one of
kinetic control (2.9).
o
2.7
SCHEME 2.2
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The reason for 2.8 and 2.9 being the thermodynamically- and kinetically controlled products,
respectively, is partly explained in terms of the relative stabilities of the enol precursors.3S,36 The
stability of these enols have been related to those of the corresponding olefins that have served as
models for the enols. 35,37 The decalins, 2.10, have been observed to be the bicyclic analogues of the
steroids. 38
CD
2.10
Empirical analyses have consistently indicated that the decalones should enolize in the same
regioselective sense as the steroidal ketones that possess similar stereochemistry about the AlB-ring
junction. The preferential direction of enolization of the steroid cholestanone (2.7), for example, is
best illustrated by the Newman projection of trans decalin (2.11).39
2.11
The transfer of conformational disturbances caused in one ring to a neighbouring ring can be
analysed in relation to the changes in the dihedral angles brought about in the two rings. A change
in the dihedral angle at the common bond in one ring causes an equal but opposite change in the
dihedral angle at the same bond in the second ring. When there is a contraction in the dihedral angle
ell in the left hand ring, an equal widening of the dihedral angle~ in the right hand ring takes place.
The introduction of a double bond at the l\2-position of trans-decalin (2.12) causes a widening
of the dihedral hinge angle in the unsaturated ring. This, in tum, causes an equal contraction of the
dihedral angle in the saturated ring.
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In trans-I.,?-octalin (olefin) (2.13) the hinge angle of the unsaturated ring contracts, leading to a
corresponding widening of the hinge dihedral angle in the saturated ring.
R
2.13
In the case of isomers unsubstituted at C-9 (2.12 and 2.13; R=H), the stability of the two
isomers will be practically the same in view of the absence of axial substituents, apart from
hydrogen, that can interact. However, the relative stabilities change substantially when an angular
methyl group is introduced. When the dihedral angle in the saturated ring widens, as is the case in
trans-L\3-octal in (2.13; R = Me), the angular methyl approaches the axial hydrogen atoms at C-5 and
C-7. In the case of trans-L\2-octalin (2.12; R=Me), however, these substituents recede from another.
Consequently, with a trans linkage of the rings (So-isomers) the ~2-isomer is more stable than the
L\3-isomer.
While there are a number of mild synthetic procedures for producing kinetically controlled
products of unsymmetric ketones,27.40,41 the generation of the thermodynamically equilibrated
mixture of trimethylsilylenol ethers often require conditions that are neither mild nor particularly
convenient.40 This problem was resolved with the development of an exceedingly mild method by
Miller and McKean42 for the preparation of the thermodynamic trimethylsilylenol ether in an
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excellent yield. Even at 25°C the thermodynamically more stable products have been shown to
preponderate.
The thermodynamically controlled deprotonation of cholestanone (Scheme 2.3) in
dichloromethane was effected at 0 °C with the non-nucleophilic base hexamethyldisilazane (HMDS);
the resulting enolate anion was quenched with iodotrimethylsilane.
2.7
SCHEME 2.3
2.8 2.9
Non-aqueous work-up afforded 2.8 (R=Me) in a near quantitative yield. The I H NMR
spectrum evidenced the formation of the £\2-isomer by the presence of the doublet of doublets
resonance signal (J1a,2 6.1 Hz, J 1e,2 0.8 Hz) for 2-H at 0 4.73.
Molecular mechanics calculations by Hufmann and Balke43 on 3-cholestanone have indicated
that the £\2-olefin 2.8 is more stable than the £\3-olefin 2.9 by 1.53 kcal.mol"; £\H -1.02 kcal.mol".
A product ratio (£\2:£\3) of 93:7 was determined by capillary GLC analysis and checked by 13C NMR.
2.3 Oxidation ofthe trimethylsilyl enol ether
The regiospecifically prepared trimethylsilyl enol ether is easily oxidised by electrophilic
oxygen transfer reagents to form the resulting epoxide 2.3 (Scheme 2.1). MCPBA is the most
commonly used epoxidizing agent for these purposes." but due to its explosive nature and the fact
that this reagent is not commercially available any more, prompted us to consider other alternatives.
Dimethyldioxirane'f (2.14), a three-membered cyclic peroxide, is an efficient and rapidly
developing oxidant that performs under strictly neutral conditions. Previous results from the RAU
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laboratory" have borne witness to the great reactivity and some important synthetic applications of
dimethyldioxirane. This mild, yet efficient oxygen transfer reagent also reacts well at low
temperatures. Dimethyldioxirane is prepared by the reaction of Oxone®, a potassium
monoperoxysulphate compound (2KHSOs.I(HS04.K2S04) , with acetone (Scheme 2.4) and isolated as
s 0.1 M solutions in acetone by low-temperature distillation.
H3C, /CH3
~ + 2KHSOs .KHS04 · K2S0 4
o
H3C, /CH3
---l~" C
HO/ '00S0209
1
SO;-
2.14
SCHEME 2.4
Treatment of a solution of the ~2-silylenol ether 2.8 at 0 °C with 2 equivalents of a stock
solution of dimethyldioxirane in acetone led to the formation of the desired 2a-hydroxy-3-
cholestanone product 2.15 (Scheme 2.5).
2.8
0--0
X ~
2.15
SCHEME 2.5
Work-up simply entailed the evaporation of the solvents. Although product 2.15 proved to be
sufficiently stable to allow for its isolation and storage at room temperature, some epimerization to
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form 2.16 had been found to occur under acidic silica gel chromatographic conditions. This is
believed to be caused by the acid catalysed tautomerism between the carbonyl compound 2.15 and its
enol form 2.17 (Scheme 2.6).
2.15
~~ ::xx}
2.17
SCHEME2.6
2.16
The equatorial position of the 2-oxygen function of 2.15 was shown by the 12.2 Hz coupling
between the axially orientated I-H and 2-H. The stereochemical outcome of the hydroxylation
reaction can best be rationalized by postulating epoxide formation on the less hindered face of the
trimethylsilyl enol ether 2.8. The dimethyldioxirane molecule can approach the double bond from
either above or below the plane of the steroid, but due to the angular C-19 methyl group situated
above the plane of the molecule (3), a-attack takes precedence in order to avoid 1,3-diaxial
interactions. Dimethyldioxirane transfers the oxygen atom stereospecifically via syn addition leading
to a 'butterfly' transition state 2.18.
2.18
2.4 The choice ofa hydroxyl protecting group
The selection of a suitable protecting group for the hydroxyl group of 2.15 was somewhat
limited by the structure of the molecule. Mildness in protection was the watchword, for two
reasons: (i) in order to minimize the chances of epimerization of 2.15 and (ii) because strong basic
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conditions (e.g. NaB) could easily lead to the additional deprotonation of the acidic protons a-
situated to the carbonyl functionality, causing C-a1kylation or -acylation at this centre. Although
esters provide a cheap and efficient means of protecting hydroxyl groups during an array of chemical
transformations, a prominant problem associated with these groups (especially the acetates) is the
migration of the acyl function to the neighbouring hydroxyl. Templeton et al.48 experienced this
problem when 2a-acetoxyuzarigenone (2.19) was reduced with sodium borohydride in dioxane/water
to give quantitatively pure samples of the 2- (2.20) and 3-monoacetates (2.21) of gomphogenin in
roughly equal amounts (Scheme 2.7).
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In this particular case the migration is thermodynamically driven by the greater stability of the
C-3 equatorial ester. Furthermore, a protecting group was sought that would allow maximal
orthogonality with the protecting groups on the sugar moiety. This group was to be selectively
hydrolyzed in the presence of the monosaccharide blocking groups, such as acyl and benzyl groups.
The a1lyloxycarbonyl (a1loc) group49,SO is deprotected under extremely mild conditions by the
reaction with catalytic amounts of a palladium reagent. The a1loc group was easily introduced in the
reaction of 2.15 with allyl chloroformate and pyridine at 0 °C to form the 2a-alloc protected product
2.22 in a near quantitative yield (Scheme 2.8).
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2.5 Reduction ofthe ketone functionality
For over 30 years sodium borohydride has been extensively used as the reagent for the
reduction of ketones to alcohols, and for most of this period the remarkable stereoselectivity
exhibited in the reduction of cyclohexanone type of compounds has been known." There seems to
be, in general, an intrinsic preference for axial attack of borohydride in instances where the carbonyl
group is unhindered, resulting in formation of the equatorial hydroxyl. 52 Reduction of 3-
cholestanone, an unhindered ketone, by sodium borohydride (Scheme 2.9) gives a 94%
predominance of axial attack, yielding the equatorial alcohol 2.23.
N,BH,. Hord} + HO"'ct}
2.7
SCHEME 2.9
2.23
94% 6%
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Upon reduction of 2.22 with sodium borohydride (Scheme 2.10) in THF/methanol at 0 "C,
however, two products in a ratio of ca. 7:3 were isolated; these were identified as the desired
product 2.24 and the isomeric 3a.-hydroxy reduction product 2.25 respectively.
o
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The structures of these epimers were deduced from the coupling patterns of the signals
attributed to 3-H in the respective I H NMR spectra. Product 2.24 showed two large trans axial
couplings (J2,3 11.0 and J3,4a 9.5 Hz) and one smaller axial-equatorial coupling (h,4e 5.6 Hz).
Product 2.25 exhibited only small coupling constants: two axial-equatorial- and one even smaller
equatorial-equatorial coupling. The resolution of the 200 MHz IH NMR spectrum, however, was
not sufficient to allow for the calculation of the coupling constants.
The stereoselectivity of NaBH4 is known to be dramatically attenuated with increasing steric
hindrance around the carbonyl group. In alcoholic solutions, it is highly probable'" that the actual
reducing species is not BH4-, but the derived a1koxyborohydrides NaBH4-n(OR)n'
Alkoxyborohydrides are known to be more reactive than BH4- and should be at least in part
responsible for the high reduction rate in alcoholic solutions. It was therefore reasoned that if steric
hindrance was responsible for the partial equatorial attack, this situation should be aggravated if a
bulkier a1koxyborohydride was the reducing agent. In isopropanol there is a much slower formation
of isopropoxyborohydrides.f NaBH4-n(O-iPr), allowing the smaller BH4- to react before it
decomposes.
In an attempt to increase the percentage of the desired product 2.24, a series of NaBH4
reductions was done performed in 1:1 mixtures of THF and different 'proton donors', such as
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methanol, ethanol and isopropanol, respectively. The results, however, did not indicate any
significant improvement in the stereoselectivity in any of the cases; conducting the reaction in
dioxane did also not offer a satisfactory solution.
2.6 Conclusion
In the preceding paragraphs the successful preparation of the chiron 1.11 (2.24) was described.
The synthesis was done via a direct as possible route. Except for the reduction step, the products of
each of the sequences were obtained in excellent yields. Good isomeric purity was obtained at the
contiguous C-2 and C-3 chiral centres.
CHAPTER 3
SYNTHESIS OF THE CARBOHYDRATE CIllRON
3.1 Introduction
The portion of the molecule that was of particular interest in this study, the A-ring derivative of
the steroid doubly linked to the carbohydrate moiety, harbours seven chiral carbons. Five of these
chiral carbons are derived from the monosaccharide portion of the molecule. The selection of L-
fucose (1.10) as chiral progenitor for the synthesis of the chiron 1.9 allowed for capitalization on the
stereochemistry of four of these centres. An important challenge, however, remained the
stereocontrolled O-glycoside bond formation between the sugar chiron 1.9 and the suitably protected
steroid derivative 2.24 (or 1.11). Thus, the anomeric centre of the monosaccharide 1.9 had to
participate in a condensation that was to lead to a 1,2-cis orientation of substituents in the resulting
glycoside. Further inspection of the intended monosaccharide intermediate placed stringent
requirements with regard to regiocontrol. This, however, could be achieved by appropriate
protection/deprotection procedures so as to free the required hydroxyl group.
3.2 Choice ofan appropriate anomeric activating group for stereocontrolled glycosidation
3.2.1 Q-Glycosidation
The O-glycosidation method is a crucial synthetic organic methodology to link: a polyfunctional
sugar component having a suitable leaving group at the anomeric position (glycosyl donor) to a
glycosyl acceptor with a free hydroxyl group. Most current methods for the preparation of
glycosides are based on the nucleophilic substitution of the anomeric leaving group upon activation
by a suitable promoter.f In spite of the impressive advances that have been made in this area, the
synthesis of glycosides is far from routine and important problems remain to be solved. From a
synthetic point of view, the efficiency of the O-glycosylation reaction is determined by the chemical
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yield, regioselectivity and stereoselectivity with respect to formation of an a.- or l3-linkage. Among
them, high regioselectivity is easily achieved when the glycosyl donor possesses fully protected
hydroxyl groups and an activating group at the anomeric (C-l) position. In addition, the glycosyl
acceptor should possess only one free hydroxyl group intended for coupling and protecting groups at
all the other possible acceptor functions.
Over- the years a wide range of activating groups have been introduced at the anomeric
position.53 Some of these are stable in the absence of a suitable promoter and function as a
temporary protecting group, others are very reactive. Glycosyl donors are roughly classified into
fourteen groups based on the type of anomeric functional group and the required activating method
(Scheme 3.1).
other e.g.
O(Q:CI) . il
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SCHEME 3.1
Until recently, the most popular method for O-glycosidation was the Koenigs-Knorr method,
dating from 1901.54 This two-step procedure consists of (i) the introduction of a bromide or chloride
leaving group at the anomeric centre of the glycosyl donor to form the corresponding glycosyl
bromide or -chloride, and (ii) the nucleophilic substitution of this leaving group in the presence of,
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for example, heavy metal salts. In spite of the general application of this method which has led to
numerous excellent results, the Koenigs-Knorr method often suffers from severe, partly inherent
problems. These include55 the relatively harsh conditions required for the generation of the glycosyl
halide, the low thermal stability exhibited by glycosyl halides thereby necessitating their generation
in situ or at lower temperatures, and the high sensitivity of glycosyl halides to hydrolysis. These
groups are therefore to be introduced into the glycoside just prior to the coupling event.
Ideally, the required anomeric blocking group of the L-fucose derivatised chiron 1.9 has to fulfil
certain requirements. This group has to be introduced under relatively mild conditions in a high
yield, be noted for its high thermal and chemical stability, and offer efficient temporary protection of
the anomeric centre, thus allowing for further elaboration and manipulation of protecting groups
elsewhere in the molecule. Furthermore, such a group has to be amenable to selective removal and
efficient transformation into a glycosyl donor under mild conditions that are compatible with both
base- and acid labile groups that might be present in either the glycosyl donor- or the glycosyl
acceptor molecules. In addition, a high yielding and stereoselective glycosylation reaction is
imperative.
3.2.2 Thioglycoside formation
The readily available thioglycosides (3.1), where the anomeric oxygen is replaced by an alkyl-
or arylthio group, appear to have many of the aforementioned favourable synthetic attributes.l"
3.1
The use of thioglycosides as glycosyl donors has been the subject of extensive investigation
during the last decade. The thioglycoside-based strategy was an especially attractive choice for this
synthesis due to the orthogonal nature of the thiophenyl group with a variety of protecting groups
and its ability to serve as a powerful glycosylating agent once exposed to the action of one of the
numerous possible thiophilic agents. With regard to stereoselectivity, many laboratories have
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indicated a pronounced tendency for this type of glycosidation reaction to yield mainly a-linked
glycosides in the absence of a C-2 participating (e.g. acyl) group.57-59
Thioglycosides can be obtained from carbohydrates by a variety of methods.F" A well
established and synthetically most attractive route to provide access to thioglycosides is the Lewis
acid mediated thiolysis of peracetylated sugars."
t-Fucose (1.10) was thus rapidly and quantitatively peracetylated (Scheme 3.2) by the
conventional method of stirring the free sugar in a mixture of acetic anhydride and pyridine (l: I,
v/v) at room temperature. Work-up simply entailed the thorough evaporation of the solvents; the
residual acetic anhydride and pyridine were co-evaporated with toluene under reduced pressure. A
solution of the obtained anomeric mixture of 1,2,3,4-tetra-O-acetyl-L-fucopyranose (3.2) in toluene
was then treated with thiophenol and a catalytic amount of the Lewis acid boron trifluoride etherate
at 65°C (Scheme 3.2).
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Two fluorescent products, the a- (3.3) and 13-anomer (3.4) of phenyl 2,3,4-tri-O-acetyl-I-thio-L-
fucopyranoside were obtained. The 13-thioglycoside (3.4) was found to preponderate (85% of
mixture), presumably due to the 13-directing effect of the C-2 neighbouring acetyl functionality (this
phenomenon of neighbouring group participation is further discussed in paragraph 3.3) and owing to
the fact that the anomeric effect (paragraph 4.3.1) is less effective with thioglycosides as compared to
their O-glycosyl counterparts.f The stereochemistry at C-l for both the a- and 13-anomers was
ascertained by the large transaxial coupling of I-H with 2-H (11210.0 Hz) at 0 5.20 in the IH NMR
spectrum for the 13-anomer, and the smaller doublet (11.2 4.8 Hz) at 0 5.91 for the proton associated
with the a-linkage. Furthermore, the 13C NMR spectra exhibited diagnostic signals for C-l(J3) at 0
86.4 and a higher field 0 85.5 signal for C-l(a). The particular stereochemistry at C-l of these
isomers was of minor importance to the success of the total synthesis because the configuration and
27
final yield of the O-glycoside is reported to be largely independent of that of the thioglycoside
representing the glycosyl donor.63
The synthesis was carried out with the phenyl thioglycosides that, according to preliminary
studies by Ferrier et al.64 solvolyse faster than do the corresponding ethylthio compounds. It is
speculated that the electrons of the aryl group can participate in the stabilization of the transition
states involved in the reaction step involving C-l-S bond fission occurs.
Zemplen O-deacetylation (Scheme 3.3) by treatment of the separate triacetates 3.3 and 3.4 with
catalytic amounts of anhydrous potassium carbonate in methanol at room temperature afforded the
base stable triols 3.5 and 3.6, respectively.
SPh
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Owing to the much greater percentage of J3-anomer (3.4) formation during the thiolysis
reaction, only reactions involving this anomer will henceforth be discussed, although similar reaction
procedures were performed on the a-anomer.
3.3 ProtectionStrategies
The preparation of the chiron 1.9 required the use of methods for the stepwise partial protection
and deprotection of the various hydroxyl groups in the molecule in a sequential synthesis. Indeed,
reagents for the protection of hydroxyl groups occupy an important cornerstone in the arsenal of
reagents available to the organic chemist." Newer types, and useful modifications to existing ones,
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continually enter into reaction schemes. An important element in the design of such stepwise
syntheses is the selection of the blocking groups used to restrict certain reactions to the desired
positions. These groups must be chosen to allow for several cycles of selective, partial deblocking
and then be removable by a minimal number of operations at the end of the sequence. Three types65
of protective groups were required: (i) a persistent blocking group at the anomeric centre (the
thiophenyi group was considered to be most suitable in this regard), (ii) persistent hydroxyl-blocking
groups for the C-2 and C-4 positions; these were to be removed in the last steps of the synthesis and
(iii) a temporary hydroxyl-blocking group for C-3. This protective group had to be mildly and
selectively removed in the presence of the protective groups present on C-2, C-4 and the anomeric
thiophenyl group, thus permitting the regioselective C-3 ketone formation.
Stereoselective synthesis of 1,2-trans (13) glycopyranosides in general benefits from a participating C-
2 neighbouring group (e.g. acyl) to forge the equatorial O-glycosidic bond. 66 This phenomenon is
elucidated in Scheme 3.4.
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After the initial activation of the anomeric leaving group followed by ring oxygen assisted
departure of this group, glycosyl donors with a neighbouring group-active substituent on C-2,
irrespective of whether the a- or p-glycosyl donors are used, react via the oxocarbenium ion 3.7
(Scheme 3.4) to give the dioxocarbenium (acetoxonium) ion 3.8. This ion is stabilised relative to the
more reactive 3.7. Nucleophilic ring opening of 3.8 with an alcohol component at C-I leads, for
steric reasons, only to the formation of the p-glycoside 3.9. Bimolecular attack at 3.8 from the a-
face, providing c-glucopyranoslde 3.10, can be obtained only with difficulty, usually necessitating
thermodynamic control. Obviously orthoester (3.11) formation is a competing side reaction which
can easily be reversed by acid treatment.
The first prerequisite for the formation of an a-glycoside is therefore that C-2 of the thiophenyl
fucopyranoside derivative (3.5 or 3.6) is to be protected by a non-neighbouring group-active
substituent. The benzyl group has been proven the most favourable persistent hydroxyl-blocking
group'" in this regard. Good reactivity of the activated thiophenyl group is observed with a C-2
benzyl group; furthermore, unmasking of the hydroxyl group can be effected under mild
hydrogenolytic conditions.68
3.4 Regioselective protection ofthe remaining hydroxyl groups
Having thus successfully blocked the anomeric position with a thiophenyl group, thereby
allowing for selective activation and glycosidic linkage formation, various options for manipulating
the remaining hydroxyl groups en route to the target 1.9 were considered. This was necessary in
order to set the stage for preferential oxidation at C-3 of the sugar. The selective derivatisation of
only one of a multitude of hydroxy functions of .similar reactivity in carbohydrate molecules is a
challenging problem in organic synthesis. The functionalisation of unprotected sugars with base-
labile groups via the classic acylation procedure with an acyl chloride in pyridine, affords mixtures
of mono- and polysubstituted derivatives." usually only selective acylation of primary hydroxyl
groups in the presence of secondary or tertiary hydroxyl groups is possible. Enzyme-catalysed
reactions have shown a high degree of regioselectivity in the transesterification process between
suitably activated esters and polyhydroxylated substrates,"? but in general the isolated yields are low.
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The 3,4-cis-diol unit in 3.5 comprising an axial-equatorial orientation of hydroxyl groups,
proved to be a judicious choice for the synthetic operations to be performed. All three of the most
reliable methods (discussed below) available to the synthetic chemist for distinguishing between two
cis-vicinal hydroxyl groups in a molecule, encompass the formation of a five-membered 1,3-
dioxolane type ring (3.12).
~SPhOHo
°,1
R
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3.4.1 Regioselective acylation ofstannylene acetals
The regioselective manipulation of hydroxyl groups in polyols, via their corresponding
organotin derivatives," is a topic which has received considerable attention in the past decade.
Nashed and Anderson72 recognized that the reactivity of one of the hydroxyl groups in a stannylene
acetal is enhanced to a much greater extent than the other. The two tin reagents, dibutyltin oxide
and bis(tributyltin) oxide, have found wide appltcatlon" in the field of carbohydrates, nucleosides,
polyols and selected natural products. Dibutylstannylene acetals, for instance, are readily prepared"
(Scheme 3.5) by refluxing mixtures of the diols or polyols with a stoichiometric amount of polymeric
dibutyltin oxide in an appropriate solvent with the azeotropic removal of water formed in the
reaction.
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The most favourable situation occurs in the case of a vicinal cis-diol system with the formation
of a five-membered stannylene ring (3.13) with an axial-equatorial pair of hydroxyls. The least
favourable situation occurs with two hydroxyl groups in trans (equatorial-equatorial) relation (3.14).
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In this case, apparently no five-membered tin derivative can be formed and the organotin moiety
activates the already more reactive hydroxyl group.?3 The transformation of hydroxyl groups into
organotin alkoxides strongly increases the nucleophilic character of both the oxygen atoms, one,
however, to a much greater extent than the other, consequently allowing for facile acylation without
the addition of base. Upon condensation of the tin acetal with, for example, an acid chloride, the
monoacyl product obtained is consistent with the assumption that the most nucleophilic of the two
oxygens in the stannylene acetal attacks the electrophile. Physical determinations such as crystal
structure, 119Sn NMR and mass spectrometry have invariably shown that organotin derivatives of
diols are co-ordination polymers," often dimeric, except, perhaps, in polar solvents. The X-ray
structure determination'" of the 2,3-0-dibutylstannylene derivative 3.15 of methyl 4,6-0-
benzylidene-a.-o-glucopyranoside shows an apparent dimeric structure.
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Each of the tin atoms is in the centre of a trigonal bipyramid with the butyl groups occupying
two equatorial positions. One of the O-atoms is in the apical position and the other in the equatorial
position (3.16).
3.16
32
The two monomeric structures of the unit are joined by a S~02 parallelogram which has a
pseudo C2 axis of symmetry. Within one monomeric unit of the dimer, the apically bound O-atoms
(01 and 0 1') are regioselectively acylated or alkylated. Although the precise origin of the
regioselectivity is not known, the hypothesis has been advanced that one of the two oxygens in the
stannylene ring is more nucleophilic than the other. Such nucleophilic advancement may be the
result of electron channeling from the Sn-atom toward the apically bound O-atoms, resulting in
preferential activation and bond rupture at the expense of the equatorially oriented and electronically
less enriched O-atoms (02 and 02'). Furthermore, O-atoms 02 and 0 2' are relatively protected by
threefold co-ordination. The question is also raised regarding which O-atom of a diol will
preferentially bind in an apical position in the stannylene and hence undergo acylation. This may be
the more electronegative one, as it is known that in trigonal bipyramid complexes, electronegative
ligands are more stable when occupying apical posltions." Conversion to a stannylene may thus
accentuate small electronegativity differences between the two oxygen atoms of a diol, although
steric factors may also play an important role.
Dibutylstannylene acetals are rapidly oxidised to the corresponding a.-hydroxy ketones by
b . 78 N b . . id 79 Thi f reacti I I ed80 d thromme or - romosuccmmu e. IS type 0 reaction was e egant y us as a step towar s e
synthesis of spectinomycin, an important aminoglycoside antibiotic (Scheme 3.6).
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By the nature of the intermediate tin acetal, however, only axially orientated alcohols have
favourably situated equatorial hydrogen atoms and are oxidised to the corresponding ketone
functions.
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3.4.2 Regioselective ring opening ofselected benzylidene acetals
Benzylidene acetals" are commonly used protective groups for 1,2- and 1,3-diols and have the
added property that one of the two concerned C-O bonds can be selectively cleaved. The direction
of cleavage is largely dependent on steric and electronic factors as well as on the nature of the
cleavage reagent. Two types of cleavage reactions have been reported for the regioselective
modification of the two contiguous hydroxy groups of benzylidene derivated sugars: oxidative and
reductive cleavage.
Binkley and co-workers" reported the oxidative opening of the benzylidene (1,3-dioxolane) ring
of methyl 3,4-0-benzylidene(R or S)-2-0-(2,2-dimethylpropanoyl)-a-L-fucopyranoside (3.19 or 3.20)
upon ultra violet irradiation in aqueous CCI4 in the presence of N-bromosuccinimide (NBS) and
barium carbonate (Scheme 3.7).
3.19 R' = CJI~ ,c R" = H
3.20 R'=H, R"=C6H~
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The pyranoside 3.21, with an axial benzoyloxy group and an equatorial hydroxy group, was
obtained as the sole product. A remarkable feature of this photochemically initiated process is that
the same ring-open product 3.21 is formed, regardless of whether the phenyl group in the
benzylidene acetal is exo (3.19) or endo (3.20) to the pyranose ring, thus there is no need to separate
the diastereomeric pairs prior to ring opening. A grave drawback of this reaction, though, is that
benzyl ethers are readily cleaved under these conditions,82 thereby precluding their use as non-
participating protecting groups on C-2.
Reductive cleavage of benzylidene acetals affords the corresponding adjacent benzyl-hydroxyl
functionalities. Unlike the corresponding oxidative ring opening, this reaction type does not always
34
take place with a high degree of regioselectivity. Liptak83 found that reductive ring cleavage of the
exo benzylidene acetal of the fucopyranoside 3.22 (Scheme 3.8) with LiAlH4-AICI3 yields 71 % of the
equatorial benzyl sugar 3.23 and 29% of the axial benzyl derivative 3.24.
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Reaction of the corresponding endo isomer (3.25) gives only 3.24 in a quantitative yield
(Scheme 3.9).
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This deficiency in regioselectivity of the isomeric mixture renders these reactions ineffective in
long sequential syntheses where the yield of every step is of major importance in determining the
viability of the procedure in operational terms.
3.4.3 Regioselective ring opening ofortho esters
The high synthetic potential of ortho esters (3.26) is reflected in their wide use in organic
synthesis.'" cyclic ortho esters, in particular, have been used as valuable intermediates for the
protection of hydroxy groups during multi-step syntheses. Carbohydrate derivatives having two
suitably situated hydroxyl groups (usually cis vicinal groups) on a pyranose or furanose ring,
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undergo transesterification reactions with acyclic ortho ester reagents to form cyclic carbohydrate
ortho esters8S (Scheme 3.10).
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Mild acid hydrolysis of both exo- and endo isomeric forms produces almost exclusively the
axial ester-equatorial alcohol derivative. This unusual stereoselectivity is of considerable advantage
in selective protection and deprotection procedures in carbohydrate chemistry in general. For this
reason the orthoester methodology was employed in the current synthesis for the discrimination
between the three hydroxyl groups of 3.6. An additional advantage offered was that site-selective
solvolysis was expected to give the C-3 alcohol which could be oxidised directly to the ketone
function without resorting to selective protection/deprotection procedures at this centre. The
isomeric 3,4-ortho acetates 3.27 (endo) and 3.28 (exo) were quantitatively prepared (Scheme 3.11) by
the addition of triethyl orthoacetate to a solution of the triol 3.6 and a catalytic amount of p-
toluenesulphonic acid in benzene.
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3.27 R' = OEt, R· = CH)
3.28 R' = CH). R"= OEt
!BnBrKOH
3.29 R'=OEt. R·=CH)
3.30 R' = CH), R"= OEt
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The reaction was -almost instantaneous at room temperature. The Oftho acetyl function thus
introduced served as a base-stable, acid-labile protecting group for the two esterified hydroxyls. The
ortho acetates 3.27 and 3.28, however, were not sufficiently stable to permit chromatographic
isolation without resulting in substantial hydrolysis, hence quantitative protection as the benzyl ethers
3.29 and 3.30 was effected in the same pot upon treatment with potassium hydroxide and benzyl
bromide at 65°C. These benzyl ethers exhibited similar chromatographic behaviour and were, still
in the same pot (Scheme 3.11), subjected to mild acetic acid ring opening at room temperature to
yield exclusively the 3-0-unblocked, 4-0-acetyl derivative 3.31. Evidence for the formation of 3.31
was provided by IH NMR which indicated a downfield shift of the doublet of doublets signal for 4-H
from 0 3.66 for 3.6 to 0 5.16 (J3,4 3.5 Hz, J4,5 1.0 Hz) for 3.31. During its cleavage the acid labile
protecting functionality was thus converted into the base labile acetate.
3.5 Oxidation ofthe C-3 hydroxy/functionality
The final step in the preparation of the chiron 1.9 involved the formation of the C-3 ketone.
When the hydroxyl group on C-3 of 3.31 was oxidised by the Dess-Martin 12-1-5 periodinane'"
3.32, the anomeric sulphur group was concomitantly oxidised, creating a labile sulphonium salt.
~CO\ rACo .I'OACo
o
3.32
Work-up under mild basic conditions resulted in the p-elirnination of benzenesulphonic acid to
form the <l,p-unsaturated ketone 3.33 in a substantial yield (Scheme 3.12).
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The accuracy of the structure of the unsaturated sugar 3.33 was clearly supported by the quite
simple IH NMR spectrum, in particular the singlet resonance signal assigned to I-H at 0 7.17, and
the 13C NMR signals for C-2 and C-l at the low field values of 0 136.6 and 154.0, respectively.
The occurence of concurrent 1,2-elimination, as a competing side-reaction in the glycosidation
procedure was reported by a few laboratorles." The formation of these glycals, however, can often
be minimised by performing the reaction in ether at room temperature in the presence of 4A
molecular sieves as an acid scavenger. Nonetheless, Lonn87(b) reported a yield of no less than 18%
for the byproduct 3.34.
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In view of these findings, and the facile formation of the enone 3.33, it was anticipated that 1,2-
elimination would have emerged as a major side-reaction in the glycosidation reaction of the ketone
3.35 and the steroidal glycosyl acceptor 2.24. The conjugate double bonds in the enone 3.33 are
likely to contribute to the evident stability of this product. The decision was made to abandon the
preparation of the ketone chiron 3.35, and to rather protect the hydroxyl group on C-3 with a
temporary blocking group that could be cleaved following the glycosidation reaction.
As a synthetic challenge, the outcome of which having no immediate bearing on this synthesis,
the regiocontrolled oxidation of the C-3 hydroxyl group in the presence of the sulphide function, was
attempted. Almost all of the known oxidising agents have, at some stage, been implemented in the
facile oxidation of the sulphide group to the corresponding sulphoxide or sulphone.88 A non-oxygen
transfer oxidising agent was considered to be less inclined to oxidise the sulphur group; such an
example is dimethyl sulphoxide (DMSO) with an electrophilic 'activator' ,89 e.g. oxalyl chloride or
trifluoroacetic anhydride.
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Application of this method with 3.31 as substrate (Scheme 3.i3) afforded the ketone 3.35 as
sole product. The reaction was carried out according to the general procedure whereby the DMSO
was first activated by its addition to an equimolar portion of trifluoroacetic anhydride at -78°C.
Stirring was continued at -78°C for 12 minutes, followed by the addition of 3.31 as a
dichloromethane solution over a 5-minute-period. The solution was stirred for a further 20 minutes
whereafter triethylamine was added. The normal work-up and purification procedures afforded the
ketone 3.35 as a crystalline product.
~SPhOBnOR
AcO
3.31
o
II
(i) (F3CChO
DMSO
•(ii) triethylamine
SCHEME3.i3
~o SPhOBno
AcO
3.35
3.36
Protection of the ketone group as the corresponding ethylene acetal 3.36, thereby reducing the
acidity of the protons a-situated to the carbonyl functionality and the chances of elimination,
appeared at first glance to be a solution to this problem.
~~h
AcO
However, the interplay between protective groups and reaction conditions became an important
issue. By virtue of the presence of two acetal linkages in one molecule, the selective deprotection of
the C-3 acetal would no doubt be impeded'" by the accompanying hydrolysis of the O-glycosidic
bond between the sugar and steroid moieties. In addition, Kunz and Unverzagt" found that the
glycosidic bonds of fucose derivatives with ether type-, in particular benzyl, protecting groups are
generally very acid sensitive.
39
3.6 Protection ofthe C-3 hydroxyl functionality
In 1977 R.W. Binkley92 described a new process for the selective hydroxyl to carbonyl
oxidation in carbohydrates by first converting the given alcohol into the corresponding pyruvate
ester. The ester is subsequenly subjected to irradiation in benzene using a mercury vapour lamp.
Binkley found the reaction mixtures to contain predominantly the corresponding ketones in yields
ranging from 53-74%, with minor amounts of the corresponding reactant alcohols.
When pyruvoyl chloride (Scheme 3.14) was added to a benzene solution of the alcohol 3.31 and
pyridine, the resulting ester formation, as evidenced by TLC, was immediate and quantitative.
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The pyruvate ester 3.37, however, was extremely labile and attempts to isolate this compound
were met with limited success. Binkley did not mention that the pyruvate esters of selected
carbohydrate derivatives were particularly labile, although the formed esters were usually irradiated
without further purification. However, den Drijver et at.93 claimed the pyruvate esters 3.38 and
3.39 were extremely water sensitive.
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The white pyridinium hydrochloride salt, which is partially soluble in chlorinated solvents,
could never be completely removed from the reaction mixture either by filtration through Celite or a
plug of silica gel, or by precipitation from carbon tetrachloride. The pyruvate ester 3.37 proved to
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be unstable in the presence of chromatographic adsorbents, and washing the reaction mixture with a
dilute sodium hydrogen carbonate solution followed by extraction with dichloromethane caused much
decomposition of this compound. Although it is conceivable that a suitable isolation method for the
ester 3.37 could, in the course of time, be developed by employing, for example, Sephadex ion
exclusion chromatography, it was decided not to pursue this line of synthesis further. Even if the
ester survived the ensuing coupling reaction, it was unlikely to subsist in the required aqueous basic
work-up conditions.
The incorporation of another protective group at C-3 of 3.31 was therefore contemplated.
Introduction of this particular group was to be accomplished under mild conditions so as not to cause
C-4 to C-3 acetyl migration; furthermore, a prerequisite for this temporary protective group was its
removal under mild conditions that did not affect the persistent benzyl ether and acetyl ester on C-2
and C-4 respectively. The chloro- and bromoacetyl49,94 groups have been shown to fulfil these
demands; bearing electron-withdrawing groups, they exhibit a much larger hydrolysis rate than those
measured for other esters.95 The relative rates of hydrolysis of acetate, chloro-, dichloro-, and
trichloroacetates have been calculated" to be 1: 760: 1..6 x 1()4 : lOS, respectively. The chioro- and
bromoacetyl esters are conveniently removed by thiourea in pyridine-methanol.49,97
Hydrazlnedithiocarbonate'" also smoothly cleaves these acetyl groups at room temperature.
Introduction of a bromoacetyl group into 3.31 (Scheme 3.15) by treatment of a dichloromethane
solution of the alcohol with a twofold excess of bromoacetyl chloride and pyridine at 0 °C,
unexpectedly afforded two products. These were identified as the desired product 3.41 and the
epimerized C-3 chloride 3.42, in roughly equal quantities. The inversed stereochemistry at C-3 was
ascertained by the decreased value for 12 ,3 from 9.1 Hz for 3.31 to 3.7 Hz for 3.42.
~SPhoneOH
AcO
3.31
3.41
SCHEME 3.15
+
CI
-r~-Z:SPhI __.__OBn
AcO
3.42
41
Attempts to reduce the formation of 3.44 by conducting the reaction at different temperatures
proved to be ineffectual. A logical explanation for the formation of 3.42 would be that the
bromoacetate 3.41 is initially formed, but that nucleophilic displacement of the C-3 bromoacetyl
group (usually highly resistant towards SN2 displacement'") by the chloride anion took place (3.43).
CIS
3.43
The reactivity of the bromoacetate group, like the sulphonate group,99 towards replacement
reactions of this kind, is critically dependent upon its position in, and the stereochemistry of the
carbohydrate moiety. The cleavage of the bromoacetyl group was probably assisted, and the
stereochemical outcome governed, by the intramolecular, electrophilic attack by the neighbouring
acetyl group on C-4 (3.43). Similar results were obtained in studies with the chloroacetyl group.
In an alternative approach, a silyl ether protecting group was perceived to be an attractive
option. The ease with which silicon-oxygen bonds can be made and hydrolysed, and their stability
over a wide range of reaction condition, makes these ethers a mainstay of organic synthesis; the
rugged and versatile ten-butyldimethylsilyl (TBDMS) ether, in particular, has become one of the
most popular silyl protecting groups. tOO Efficient removal is attained by fluoride ion, as fluoride
ionl OI is nucleophilic towards silicon because of the exceptionally strong bond that is formed, for
example, the dissosiation energy of the Si-F bond in (CH3)3SiF is 807 kJ .mol", Fluoride is also
usually a poor nucleophile towards most common functional groups (although it does occasionally act
as a base in aprotic solvents).
Thus, 3.31 was reacted (Scheme 3.16) with ten-butyldimethylchlorosilane and imidazole as
catalyst102 in DMF at 85°C for 8 hours to yield the protected compound 3.44 in a high yield.
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The process is likely to have proceeded via an imidazole-ten-butyldimethylsilyl adduct, the
conjugate acid of which can be expected to be a very reactive silylating agent.103
3.7 Conclusion
The synthesis of the chiron 3.44 was thus accomplished by a consecutive synthesis whereby the
target was assembled step by step from the single chiral progenitor, t-fucose. The expedient route
comprised seven steps, three of which were performed in one pot and proceeded in a 60% overall
yield. This highly regiocontrolled route utilized reagent and substrate control in key steps and
furthermore it has the potential for optimization to large scale production.
CHAPTER 4
GLYCOSIDE FORMATION AND SUBSEQUENT REACTIONS
4.1 Introduction
With key the intermediates 3.44 and 2.24 at hand, the final coupling and completion of the
synthesis became possible.
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The glycosidative assembly would constitute a convergent synthesis, whereafter further
elaboration of the structure would emanate through a consecutive procedure. In the construction of
the pivotal glycoside bond, a chiral centre is created.
One century after the first glycoside syntheses of Michael104 and Fischer, 105 the stereochemical
outcome (alp ratio) of carbohydrate coupling reactions is still often difficult to control. As in most
glycoside formation reactions, the challenging issues in the present undertaking were (i) efficient and
convenient coupling of the components and (ii) stereocontrol in the formation of the glycoside bond.
4.2 Activation ofthioglycosides
Thioalkyl and -aryl groups offer efficient protection of the anomeric centre, and at the same
time, several possibilities exist for the chemospecific liberation of the anomeric centre and in situ
coupling to a suitable glycosyl acceptor. A plausible reaction mechanism for the activation57,106,107
of the thioglycosides by the various activators (these are summarized in Scheme 4.1) is that the
bivalent sulphur atom (soft base108) nucleophilically attacks the soft Lewis acid to generate an
unstable sulphonium species.
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@ Thiophilic metal salts: HgS04 and HgClz (Ferrier et al., 109 Tsai et al. 11'), PhHgOTf
(Garegg et al. 111), Hg(OBz)z (van Cleve112) , Hg(N03)z (Hanessian et al. 113), cerorn,
(Mukaiyama et al.11~, Pd(CI04)z (Woodward, lIS Wuts and Bigelow11~, PhSeOTf (Ito
and Ogawa'"), PhSeNPhth-TMSOTf (Shimizu et al. 118) , ZrCl 4 (Contour et al. 119)
® NOzBF4 (pozsgay and Jennings l2')
© Dimethyl(methylthio)sulphonium trifluoromethanesulphonate (DMTST) (Fiigedi et
al.,121 Hasegawa et al. I22)
® MeSOTf, generated in situ from MeSBr and AgOTf (Garegg et al. 123)
® Alkylating agents: Mel (Mereyala et al.12~ and MeOTf (LOnn125)
® Halonium ions: (i) Direct activation: NBS (Nicolaou et al.12\ NBS/triflic acid salts,
i.e. Bu4NOTf or PhzlOTf (Fukase et al.l~, NISrrfOH(cat.) (Veeneman et al.,IZ7
Konradsson et al.58) , NISITESOTf (Konradsson et al.58) , iodonium sym-dicollidine
perchlorate (IDCP) (Veeneman and van soom," Zegelaar-Jaarsveld et al. I28)
(ii) 'Two-step' activation: Cl, (Wolfrom and Groebke I29) , Br, (Weygand et al.I3~,
NBS/diethylaminosulphur trifluoride (DAST) (Nicolaou et al. 131) , NBSIHF-pyridine
(Hayashi et al. 132).
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The formation of the sulphonium species is followed by ring oxygen-assisted cleavage of the
labile sulphonium group to give rise to a reactive glycosyl cation (Scheme 4.2).
SCHEME 4.2
This cation is stabilized by co-ordination of the counterion (X) of the Lewis acid to the
anomeric carbon; moreover, in the presence of a participating group at C-2, the reactive oxonium ion
is further stabilized by the subsequent formation of a dioxocarbenium ion (4.1).
4.1
The nature of the counter ion X" plays a decisive role in determining whether, in the presence of
a suitable alcohol, the oxonium species is directly converted into the corresponding O-glycoside, or
whether the thioglycoside will be activated in a 'two-step' procedure. If the counter ion of the
activating ion is a poor nucleophile, as in the case with NBS, iodonium sym-dicollidine perchlorate
(IDCP), or any of the appropriate thiophilic metal salts, then the introduction of an alcohol as
nucleophile is possible in a competitive reaction to directly form the O-glycoside. However, when
thioglycosides are treated with chlorine or bromine, the labile oxonium ion is intercepted by a
strongly nucleophilic halide anion to form the corresponding glycosyl chloride or -bromide. This
reaction is usually very mild and rapid, and the relevant glycosyl halide can then be further activated
by one of the many 'halophilic' reagents in a classical Koenigs-Knorr reaction. 133 Reports by
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Nicolaou134 show that thioglycosides can also be converted into glycosyl fluorides upon treatment
with NBS and diethylaminosulphur trifluoride (DAST), or NBS and the HF-pyridine complex.
Being a poorer leaving group,135 anomeric fluoride leads to glycosides thermally and chemically
more stable than the corresponding glycosyl chlorides or -bromides. In addition, a number of
fluorophilic reagents have been developed.136
Besides the choice of promoter, the reactivity of the anomeric centre can be also be regulated by
the nature of the flanking C-2 hydroxylated derivative (ether vs ester). In their extensive studies on
the glycosylation of 4-pentenyl glycosides, Fraser-Reid and his co-workers'V found a glycosyl donor
possessing an acyloxy group at the C-2 position is much less reactive than the corresponding
glycosyl donor having an ether group at the same position. The ester group, with its electron-
withdrawing properties, can be assumed to retard the formation of the intermediate carbonium ion by
contributing to the high energy of the transition state leading to this cation. Once formed, the
anomeric carbon of the oxonium cation can, however, be stabilized by neighbouring group
participation of the ester functionality. This concept of the reactivity of 4-pentenyl glycosides was
extended to the reactions of other glycosyl donors,138 including the thioglycosides.57.58.127 The
activated (C-2 ether, e.g. benzyl) and deactivated (C-2 acyl) glycosyl donors are called 'armed' and
'disarmed' sugars, respectively. This phenomenon is often used to engineer chemoselective coupling
without resorting to tedious protecting group manipulations.
4.3 Faaors that influence the stereochemistry ofthe Q-glycosidic bond
Several factors have been observed to significantly effect the stereochemical outcome of the 0-
glycosidation reaction. Usually, the delicate interplay of a host of combined effects leads to the
specific stereochemistry on the anomeric position.
4.3.1 The anomeric effect
A basic tenet of conformational analysis predicts that, on a six-membered ring, the equatorial
orientation is the energetically more favoured orientation for a large substituent, because this
orientation constitutes the minimum number of gauche interactions and non-bonded repulsions
between axial substituents.Y" However, this principle does not appear to apply to polar substituents
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(alkoxy, acyloxy and halogens) at the 2-position of a tetrahydropyran ring. This phenomenon has
been termed the 'anomeric effect.I40 and is now recognized as being of general importance for all
molecules having two (or more) heteroatoms linked to a tetrahedral centre. The favoured
conformation''" of a system R-O-C-X (X: polar substituent) is such that the non-bonding electron
pair of the oxygen atom is antiperiplanar to the bond to the electronegative substituent X. This is to
allow for effective charge delocalization from the unshared oxygen electron pair into the antibonding
orbital of the geminal polar C-X bond. In valence-bond terminology this is described as double-
bond, no-bond resonance (Scheme 4.3).
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4.3.2 Substituent effects
It is well recognized that the nature of the protecting groups on the glycosyl donor, as well as
on the aglycone, may exert a tremendous influence on the rate and stereochemical outcome of
carbohydrate coupling reactions. In particular, the acyl blocking group at C-2 of a carbohydrate is
known to direct 1,2-trans glycosidic bond formation (this principle of neighbouring group
participation was described in paragraph 3.3). In addition, certain substituents on C-6, C-4, and C-3
of the glycosyl donor also have a pronounced effect on the steric course of the reaction, thus
providing a means of stereochemical control. Following initial observations by Ishikawa and
Fletcher142 on 6-p-nitrobenzoyl haloses, which yield mainly cis glycosides upon solvolysis, Frechet
and Schuerch143 found a striking dependence of the cis/trans ratio of the resulting methyl glycosides
on the substituent at C-6. However, this ratio is strongly dependent on the concentration of the
alcohol and the reaction conditions.144
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Dejter-Juszynski and Flowers145 were able to show, for fucopyranose derivatives, that acetyl
substituents at both C-3 and C-4 influence the steric course of glycosylation. Their results are
summarized in Table 4.1.
-:OROR'
OR"
4.2 R=Bn, R'=R"=Ac
4.3 R = R" = Bn, R' = Ac
4.4 R=Ac, R'=R"=Bn
4.5 R=R'=Bn, R"=Ac
TABLE 4.1
Anomer (%) formed in disaccharide
Bromide a l3
4.2 95 5
4.3 80 20
4.4 25 75
4.5 85 15
The results show that each acetyl group, substituted in the three possible positions of the
glycosyl bromide, most probably has some stereochemical effect on the disaccharide product formed
in the Koenigs-Knorr reaction.
Similar trends were observed by van Boeckel et al. l 46 and Zuurmond et al. 147 where the 4-0-
acetyl derivative 4.6, for example, was reported to give an alp ratio twice as large as that of the 4-
O-allyl derivative 4.7.
~I;;M~t~n ~V11
OR
4.6 R=Ac
4.7 R=Allyl
49
The directing effects of the 3- and 4-0-acetyl groups, if these groups do indeed direct the
incoming nucleophile, have not yet been adequately explained; the extent to which the anomeric
effect plays a role is also uncertain. Further investigation is neccesary before it would be possible to
decide whether these effects can be attributed to steric-, electronic- or other effects.
4.3.3 Double stereodifferentiation
Spijker and van Boeckell 48 discovered an intriguing example of a dissacharide formation
reaction with an unexpected stereochemical outcome. The coupling (Scheme 4.4) between donor 4.8
(with a stereodirecting benzoyl group at C-2) and acceptor 4.9 gave exclusively a-coupled product
4.10 in 23 % yield.
O~BZOAc 0
RO
BzO
4.8 Br
A-o
O-~~-­
HO~..-_~~_.... SEt
NPhth
4.9
4.10
NPhth
BzOK:--o\~
o
R
SCHEME 4.4
Even other activating groups at the anomeric centre of 4.8 (e.g. fluoride, imidate) and different
promoters did not lead to the expected P-glycoside formation. They reasoned that an unfavourable
steric interaction between 4.8 and 4.9 is likely to occur in the transition state leading to the p-
interglycosidic bond, but not in the transition state leading to the a-bond, and can be interpreted by
applying the principle of double stereodifferentiationt'" Fortunately, many of these sterically
'matched' or 'mismatched' interactions in the transition state leading to the desired glycosidic bond
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may be foreseen by molecular modeling studies of the a- and J3-glycosides. To reduce unfavourable
steric interactions, protecting groups can, for example, be replaced by sterically less demanding
ones.
4.3.4 Reaction conditions
Particularly noteworthy is the marked solvent effect on the steric course of the reaction with
substrates having nonparticipating ether groups at C-2. Generally, a-glycoside bond formation
specificity is secured by the strategic placement of a benzyl group at the 2-position and by
performing the glycosidation reaction in diethyl ether. ISO This trend is not affected by the
stereochemistry of the starting glycosyl donor. lSI Solvents that are better donors, for instance
ethers, acetonitrile, pyridine, nitromethane, etc., each induce a typical change in the reaction course
due to their different participation in the stabilization of reaction intermediates. With these solvents,
participation leads to solvent co-ordinated cations or onium-type intermediateslS2 4.11 and 4.12
(Scheme 4.5). These eventually provide, via fast equilibrium, mainly the J3-anomer due to its higher
thermodynamic stability, based on the reverse anomeric effect.141 In these cases the normal steric
preference of these large, positively charged aglycone groups for the equatorial position outweighs
the anomeric effect. The nucleophilic alcohol molecule then attacks the onium-type intermediate in
an SN2 type reaction to yield mainly the a-glycoside.
Some laboratories maintain that the use of specific glycosyl activators lead to higher
diastereoselectivities. However, it is debatable whether the nature of the activator, which primarily
converts the anomeric sulphide functionality into a leaving group, should make an appreciable
difference to the stereoselectivity.
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In spite of these developments, the existing methods for the stereoselective synthesis of a-linked
O-glycosides leave considerable margin for improvement. Several factors have been indicated to be
responsible for the marked preference for the formation of one anomer above another in a series of
glycosidation reactions. However, the stereochemical outcome of each O-glycosidation reaction
depends on a combination of different factors. Circumstances governing the stereochemistry of the
glycosidation reaction will vary depending on the structures of the individual molecules and the
specific reaction conditions to which the starting materials are subjected. There are no explicit
procedures or rules to obey in order to construct highly stereospecific glycoside linkages.
Even so, the preferential formation of the a-glycosidic bond between the glycoside donor 3.44
and the glycoside acceptor 2.24 was highly conceivable. Exploitation of the anomeric effect, as well
as the presence of 2-0-benzyl- and 4-0-acetyl groups, were considered to favour a-glycoside
formation. Moreover, in diethyl ether a-glycosides have consistently been preferentially obtained;
there was little reason to expect a contradictory stereochemical outcome in this instance.
4.4 Assembling the sugar- and aglycone chirons in a stereocontrolledfashion
The condensation of equimolar amounts of the glycosyl donor 3.44 with the glycosyl acceptor
2.24 in anhydrous ether was conducted with a variety of Lewis acid activators (Scheme 4.6).
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The choice of activator was clearly important, since performing the reaction with two
equivalents of freshly prepared iodonium sym-dicollidine perchlorate (IDCpi53 as source of
iodonium ions under completely anhydrous conditions (4A molecular sieves), the reaction proceeded
very slowly and some byproduct formation was also observed. Although van Boom and
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collaborators57,127 reported high yields and stereoselectivities upon the use of IDCP, Konradsson et
a/.58 commented on the particularly annoying tendency for some reactions with this salt to 'stop' for
no particular reason, leaving substantial amounts of starting material unreacted.
Promotion of the glycosidation reaction with the more reactive, non-hygroscopic
tetrabutylammonium tritlate106 (freshly prepared from (n-Bu)4NBr and TfOH)154 and NBS,
concomitant bromination of the allylic double bond, however, emerged as a competing side reaction.
Apart from this undesired side-reaction, O-glycosidation progressed cleanly and efficiently under
these extremely mild conditions. The most favourable results, however, were obtained by the use of
NIS and catalytic amounts of tritluoromethanesulphonic acid.58,127 Although these type of reactions
are normally conducted at relatively low temperatures (-to - 0 °C), little reaction occurred under
these conditions. The formation of a mixture of a- and p-anomers, the desired a-anomer 4.13
preponderating (90% of mixture), occurred within a few minutes of stirring the dark brown ether
solution at room temperature. No decomposition or other side-reactions were observed. Work-up
simply entailed removing the traces of iodine and acid by washing the solution with a saturated
solution of sodium thiosulphate and sodium hydrogen carbonate, drying the organic phase (Na2S04),
and removing the solvent in vacuo. The obtained syrup was purified by flash chromatography to
afford predominantly the a-glycoside 4.13 along with a small quantity of the p-product. The a-
anomeric configuration of 4.13 was ascertained by the small JI ,2 coupling constant of 3.6 Hz and the
higher field 155 C-l' resonance at 0 94.6 Hz.
4.5 Desilylation
Having thus efficiently connected the two chirons, the formation of the second acetal linkage
between the sugar and the steroid moieties in 1.6 became the next objective. The stage was now set
for the selective deprotection and oxidation of the hydroxyl at C-3' of the sugar, whereafter
intramolecular acetalization would ensue.
Nucleophilic attack by the hard fluoride basel56 toward other nuclei, including the hard silicon
centre, (E(Si-F> = 536 ± 21 kl.mnl") is of considerable synthetic value. Coreyl57 and others have
used tluoride attack on silicon centres as a simple and efficient means of removing silyl protecting
groups in the presence of a variety of other functionalities. Application of their methodology to the
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removal of the C-3' TBDMS group with an equimolar amount of tetrabutylammonium fluoride (0.1
M solution in THF) in tetrahydrofuran led to much concomitant 4' -O-deacetylation at reaction
temperatures above 10 °C. This base-assisted cleavage of the ester funtionality was greatly
suppressed when the reaction temperature was meticulously maintained at 0-5 °C, the
tetrabutylammonium fluoride added in several small portions over a 4 hour period and when the
reaction was immediately quenched with a dilute solution of acetic acid when TLC indicated
complete consumption of the starting material (Scheme 4.7).
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SCHEME 4.7
Flash chromatography afforded a colourless syrup. The somewhat complicated IH NMR
spectrum of the purified residue, however, indicated the presence of two products in near equal
quantities. These were inferred as being 4.14 and 4.15 from the presence of the two acetyl signals in
both the IH and 13C NMR spectra, the two sets of allyloxycarbon carbons, two sets of aromatic
carbons (ipso, ortho, meta and para), and from the two C-1'(a.) signals at 0 94.6 and 93.9.
Separation of the individual isomers by silica gel chromatography, however, was abortive because of
their display of matching chromatographic migrations. Acetyl migration from the axial C-4' position
to the equatorial C-3' position had presumably taken place under the basic reaction conditions,
resulting in a thermodynamically more stable product. It was obvious that the introduction of the
TBDMS group, flanked by a C-4' acetate group, was not the proper solution. Although the TBDMS
group could be introduced in high yield under mild conditions, and be chemoselectively cleaved in
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the presence of the base labile acetate and allyloxycarbonyl group, acetate migration could not be
averted.
4.6 Oxidation
It was contemplated that oxidation of the mixture would afford a separable mixture of 3'- and
4' -ketone products. The mixture of products (4.14 and 4.15) was subsequently treated with the
Dess-Martin periodinane oxidising agent 3.32 in dichloromethane at room temperature (Scheme 4.8).
Within 10 minutes the reaction had proceeded to completion and was worked up by washing the
solution with a saturated solution of NaHC03-Na2S203, extracting with dichloromethane and drying
(anhydrous Na2S04) the organic phase. Flash chromatography afforded almost exclusively the
ketone 4.16 in a yield of 45%. The location of the ketone functionality was inferred from the
doublet at 8 5.52, allocated to 3'-H (J2,3 10.7 Hz). and the 5'-H quartet at 84.48 (J5,6 6.5 Hz). The
C-4' carbonyl resonated at 8 199.1.
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4.7 Future considerations
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Indeed, the difference between the success or failure of many a synthesis is often decided by the
proper choice of a protecting group. The preparation of the sought-after ketone 4.17 would depend
upon appropriate functional group adjustment at the C-3' position of the sugar moiety.
4.17
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To this end, in an initial model study, the C-3' allyloxycarbonyl derivative 4.18 was prepared
by the reaction of the alcohol 3.31 with 5 equivalents each of allyl chloroformate and pyridine at 0 0
C for 1 hour to form 4.18 (Scheme 4.9). It is known that, depending on the reaction conditions,l02
the alloc group can be cleaved to form the free alcohol, be converted into the corresponding allyl
ether or be chemoselectively oxidised to form the corresponding ketone. Treatment of 4.18 with
palladium acetate in acetonitrile at 60 °C (Scheme 4.9) afforded the ketone 3.30 in an excellent yield.
As indicated in Scheme 4.9, the reaction produces only CO2 and propene as by-products.
~SPhOBoORAcO Pd(O).-C02 ~~sPhrd~OBnAcO
3.30
3.26 R = H JAllyI chbroformate
4.18 R = OC02CH2CH=CH2 pymire
SCHEME 4.9
Tsuji et a/.50(a) reported that 0.1 equivalents of Pd(OAch is sufficient to catalyse the complete
conversion of a series of alloc derivatives into the corresponding ketones. In the case of 4.18,
however, 0.7 equivalents of Pd(OAch were required to drive the reaction to completion, a
phenomenon likely to be put down to the partial poisoning of the palladium catalyst by the anomeric
sulphide group.
Based on these results, there is little reason to believe that a similar conversion of the
allyloxycarbonyl derivative 4.19 into the ketone 4.20 (Scheme 4.10) could not be accomplished
under similar reaction conditions.
R:XX}
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4.8 Acetalformation
Once the hydroxy ketone 4.21 had been prepared, the most challenging part of the synthesis
will probably have been concluded.
Acetalization, resulting in the formation of the third ring of the tricyclic ring system of 1.6 is
envisaged to proceed without much difficulty. Cyclic acetals are generally more easily formed than
the corresponding open-chain acetals.!" furthermore, impromptu intramolecular acetal formation is
not a singular event. In their synthesis of (+)-spectinomycin, Hanessian and Royl60 found that,
upon removal of the trichloroethoxycarbonyl (TCC) groups, the intermediate keto polyol 4.23
underwent spontaneous, stereoselective acetalization to give 4.24 (Scheme 4.11).
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SCHEME 4.11
The fused tricyclic ring system of 1.6, however, comprises a mixed (asymmetric) acetal. The
acetalization reaction would probably proceed through the initial formation of the intramolecular
hemiacetal. This reaction may well proceed spontaneously, as in the case of the collapse of the
intermediate 4.23, or else the equilibrium of the reaction would have to be controlled by acid
catalysis. Conducting the reaction in anhydrous methanol, and shifting the equilibrium to the right
by chemically removing the water formed in the reaction, might be a viable option to the formation
of the mixed acetal. Alternatively, potent methylating agents, such as dimethyl sulphate'?' (Scheme
4.12) or trimethyloxonium tetratluoroborate.l'" may be used to methylate the hydroxyl group of the
hemiacetal, although care would have to be taken not to destroy any of the other functionalities under
these rather forcing conditions.
+
SCHEME 4.12
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Paquette and associates 163 accomplished the transformation of 4.25 into ortho ester 4.26 by 0-
methylation with trimethyloxonium tetrafluoroborate in the presence of 4-methyl-2,6-di-ten-
butylpyridine (Scheme 4.13).
4.25
SCHEME 4.13
4.26
Once the issue of acetal formation had been addressed, only simple removal of the protecting
groups is required to provide the sought-after product 1.6.
4.9 Conclusion
The preceding paragraphs demonstrated the identification and pursuit of synthetic targets from
the natural products field. Criteria for the selection of the synthetic problem included novelty in
molecular architecture and importance of biological activity.
Our study allowed the stepwise construction of the chirons 2.24 and 3.44 and their linkage by a
glycosidic bond which proceeded with a high degree of stereocontrol and generally in high yields.
This initial study points the way to meeting the challenge of the synthesis of 1.6 from simple starting
materials in a convergent synthesis. Although the second acetal linkage was not formed during this
study, preliminary studies have indicated a pathway for the efficient prospective synthesis of the
tricyclic component of the cardiac glycoside 1.6. This is enabled thanks to the power of modern
retrosynthetic planning and the arsenal of available reagents and reaction methodologies that are
available to the chemist.
CHAPTERS
EXPERIMENTAL
5.1 General
All reactions were performed under anhydrous conditions with positive nitrogen pressure in
flamed-out glass apparatus, unless stated otherwise. Room temperature refers to ca. 20-25 °C.
Solvents utilized in reactions were dried prior to use by distillation from appropriate drying
agents under a nitrogen atmosphere.
• Diethyl ether, 1,2-dimethoxy ethane, tetrahydrofuran, benzene, toluene and pentane were
refluxed over sodium wire with benzophenone as indicator.
• Dichloromethane and 1,2-dichloroethane were refluxed over anhydrous calcium chloride.
• Dimethylformamide was distilled under reduced pressure, after having stood over 4A molecular
sieves for 48 hours.
• All alcohols were distilled from the corresponding magnesium alkoxides.
• Dimethyl sulfoxide was refluxed over calcium hydride, and distilled under reduced pressure.
All reagents were of analytical or synthetic pure quality.
Ozromatography: All reactions were monitored by thin layer chromatography (TLC) using
Merck silica gel 60 F254 silica plates with a 0.25 nun silica layer. Detection was done using an ultra
violet lamp (254 om) and by heating the plate over an open flame after having sprayed it with a
chromic acid solution. Column chromatography was carried out on silica gel (Merck Kieselgel 60,
70-230 mesh); eluents are given in a volume to volume ratio.
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The physical data and spectra were obtained with the aid of the following instrumentation.
• melting point (mp): Reichert Kofler hot-stage apparatus. The melting points are uncorrected.
• optical rotation ([a] ~): Jasco DIP 370 digital spectrometer. A 1 em' cell with a pathlength of 1
cm was used; the concentration c refers to glloo mi.
• infra-red spectra: Perkin-Elmer 297 spectrophotometer.
• nuclear magnetic resonance (NMR) spectra: Varian VXR 200 spectrometer. The residual
chloroform in the deuterochloroform (0 7.24) and the signal due to deuterochloroform (centered
at 0 77.0) were used as internal standards for the IH- and 13C NMR spectra, respectively.
Chemical shifts (0) are given in parts per million. The following abbreviations are used for the
multiplicity of the signals:
s : singlet
d : doublet
dd : doublet of doublets
ddd : doublet of doublet of doublets
t : triplet
q: quartet
m : multiplet
br: broad
• mass spectra (ms): Finnigan-MAT 8200 mass spectrometer; 70 eV electron impact. Only the
most important peaks are noted.
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5.2 Preparation ofthe aglycone chiron
Sa-Cholestan-3-one (2.7)
Cholesterol (20.000 g, 0.052 mol) was dissolved in DME (400 ml) and hydrogenated at a hydrogen
pressure of 40 psi for 24 h, using 10% Pd on activated carbon (2 g) as catalyst. The suspension was
filtered through celite. A chromic acid solutionl64 was added dropwise to the solution until TLC
indicated the complete conversion of the alcohol into the much less polar ketone 2.7. The solution
was poured into cold water and extracted with chloroform. The extract was washed successively
with aqueous sodium hydrogen carbonate and water, dried (anhydrous N~S04) and evaporated to
dryness. Chromatography (EtOAc-hexane, 1:8) yielded the crystalline cholestanone 2.7 (15.192 g,
76%).
mp and mixed mp 128-130°C
3-(Trimethylsilyl)oxy-Sa-cholest-2-ene (2.8)
Cholestanone (2.7) (3.000 g, 7.759 mmol) and hexamethyldisilazane (1.964 ml, 9.311 mmol) were
dissolved in dichloromethane (16 ml) and cooled to 0 DC. After the addition of iodotrimethylsilane
(942 J-lI, 9.311 mmol), the mixture was stirred at 0 °C for a further 10 min. The resultant slurry was
filtered through a short plug of silica and concentrated in vacuo to give 2.8 (3.411 g, 96%).
mp 91-92°C
vmax\cm-1 1660 (enol ether)
[a]~ + 37.2° (c 1.14 in CHCI3)
NMR:
0H 0.15 (9 H, 3 s, (CH3)3Si), 0.64 (3 H, s, 18-H), 0.73 (3 H, s, 26-H), 0.83 (3 H, s, 27-H),
0.87 (3 H, s, 21-H), 4.73 (I H, dd, lla;l 6.1 Hz, lle;l 0.8 Hz, 2-H);
oe 0.4 [(CH3)3Si], 11.6 (C-19), 12.0 (C-18), 18.7 (C-21), 21.2 (C-11), 22.6 (C-26), 22.8 (C-
27), 23.9 (C-23), 24.3 (C-l5), 28.0 (C-25), 28.2 (C-16), 28.7 (C-6), 31.8 (C-7), 34.5 (C-lO·),
"These assignments mayhe interchangeable.
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34.7 (C-8*), 35.6 (C-20), 35.8 (C-5*), 36.2 (C-22), 38.6 (C-l*), 39.6 (C-24), 40.1 (C-12),
42.1 (C-4), 42.6 (C-13), 53.9 (C-9), 56.4 (C-17), 56.5 (C-14), 103.0 (C-2), 148.9 (C-3);
mlz 458 (M+, 82%), 443 (M+- CH3, 10%),429 (M+- CH2CH3, 18%)
2a-Hydroxy-Sa-cholestan-3-one (2.15)
The dimethyldioxirane (2.14) solution used in this experiment was prepared47 as folIows:
A l-litre, three necked round-bottomed flask containing a mixture of water (210 ml), acetone(137
ml, 1.866 mol) and sodium hydrogen carbonate (126 g) was equipped with a gas inlet tube and an air
condenser. The exit of the air condenser was connected to the top entry of a cold-finger condenser
supplied with dry ice-acetone coolant. The bottom exit of the condenser was attached in succesion to
a receiving flask (500 ml) and a cold trap, both being kept at -78 °C. Nitrogen was passed through
the reaction flask while solid Oxone®, 2KHSOs·KHS04·~S04 (262 g, 0.426 mol) was added in five
portions over 3-min intervals while stirring the mixture vigorously at room temperature. The
effluent was collected as a yelIow solution consisting of dimethyldioxirane and acetone. The
concentrations of the dimethyldioxirane-acetone solutions were determined by iodometric titrations.
The solution (1.00 ml) was added to a 3:2 mixture of acetic acid-acetone (2 ml). A saturated KI-
solution (2 ml) was added to the solution which was then stored in the dark at room temperature for
10 min. The mixture was diluted with water (5 m1) and 3 equal portions were titrated with an
aqueous N~S203 solution (0.001 M). The dimethyldioxirane concentrations usualIy varied between
0.07 and 0.11 M.
To a stirred solution of 2.8 (1.250 g, 2.729 mmol) in dichloromethane (5 ml) was added a stock
solution of dimethyldioxirane in acetone (0.095 M. 57 ml, 5.458 mmol) at 0 °C. After the solution
had been stirred for 1 h at room temperature, it was concentrated in vacuo to afford the crystalline
product 2.15 (933 mg, 85%).
mp 119-120°C
[a] ~ + 42.8 0 (c 1.07 in CHeI3)
vmax\cm-1 1718 (C=O)
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NMR:
0H 0.64 (3 H, s, 18-H), 0.73 (3 H, s, 26-H), 0.83 (3 H, s, 27-H), 0.86 (3 H, s, 21-H),
3.45 (1 H, br s, OH), 4.19 (1 H, dd, J 18,2 12.2 Hz, lle,2 6.9 Hz, 2-H);
0e 12.0 (C-19), 12.8 (C-18), 18.6 (C-21), 21.6 (C-ll), 22.5 (C-26), 22.7 (C-27), 23.8 (C-23),
24.2 (C-15), 27.9 (C-25), 28.2 (C-16), 28.6 (C-6), 31.6 (C-7), 34.6 (C-8*), 35.7 (C-20),
36.1 (C-22), 37.0 (C-I0*), 39.5 (C-24), 39.8 (C-12), 42.4 (C-13), 42.6 (C-4*), 48.4 (C-5*),
48.5 (C-l*), 53.8 (C-9), 56.1 (C-17), 56.2 (C-14), 72.8 (C-2), 211.0 (C-3);
m/z 402 (M+, 100%),387 (M+- CH3 , 13%).
2a.-(Allyloxycaroonyl)oxy-Sa-cholestan-3-one (2.22)
Allyl chlorofonnate (563 J11, 6.034 mmol) was added to a solution of 2.15 (933 mg, 2.321 mmol) in
dichloromethane (5 ml) and pyridine (488 J11, 6.034 mmol) at 0 °C. The resultant solution was
stirred at 0 °C for 2 h, and then at room temperature for a further 2 h. The solution was washed
successively with a dilute HCl solution and water, dried (anhydrous NazS04) and concentrated under
reduced pressure. Flash chromatography (EtOAc-hexane, 1:8) afforded the crystalline 2.22 (1.077
g,96%).
mp 97-98 °C
[a] ~ +49.7° (c 1.22 in CHCI3)
vmax\cm- l 1720 (C=O)
NMR:
0H 0.65 (3 H, s, 18-H), 0.82 (3 H, s, 26-H), 0.86 (3 H, s, 27-H), 1.10 (3 H, s, 21-H),
4.63 (2 H, dt, J 5.7 Hz, Jallylic 1.4 Hz, CHz=CHCHz),
5.09 (1 H, dd, J1a•2 12.9 Hz, lie). 6.8 Hz, 2-H),
5.24 (1 H, ddt, Jei• 10.4 Hz, Jgem 1.4 Hz, lallylic 1.4 Hz, (H)HC=CHCHz),
5.35 (1 H, ddt, Jt ranJ 17.2 Hz, 19em 1.4 Hz, lallylic 1.4 Hz, (H)HC=CHCHz),
5.92 (l H, ddt, Jt ranJ 17.2 Hz, lei. 10.4 Hz, 1 5.7 Hz, CHz=CHCHz);
oe 12.0 (C-19), 12.7 (C-18), 18.6 (C-21), 21.6 (C-ll), 22.5 (C-26), 22.7 (C-27), 23.8 (C-23),
24.1 (C-15), 27.9 (C-25), 28.1 (C-16), 28.3 (C-6), 31.5 (C-7), 34.7 (C-8*), 35.7 (C-20),
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36.1 (C-22), 37.2 (C-lO*), 39.5 (C-24), 39.7 (C-12), 42.6 (C-13), 43.4 (C-4*), 44.7 (C-5),
47.7 (C-l*), 53.7 (C-9), 56.0 (C-17), 56.2 (C-14), 68.7 (OCH2CH=CH2) , 77.5 (C-2),
118.8 (CH2=CH), 131.4 (CH2=CHCH20 ), 154.3 (OC02) , 203.5 (C-3);
m/z 486 (M+, 19%),384 (M+- CH2=CHCH20 2COH, 73%).
2a-(Allyloxycarbonyl)oxy-Sa-cholestan-3J3-o1 (2.24)
The ketone 2.22 (1.867 g, 3.849 mmol) was dissolved in THF (10 ml) and methanol (3 ml) and was
then cooled in an ice-water bath. Sodium borohydride (146 mg, 3.849 mmol) was carefully added
portionwise. After 10 min the solution was washed successively with dilute acetic acid and water,
extracted with dichloromethane, dried (anhydrous N~S04) and concentrated in vacuo. The
crystalline products 2.24 (1.275 g, 68%) and 2.25 (525 mg, 28%) were afforded after the crude
extract had been flash chromatographed (EtOAc-hexane, 1:5).
Product 2.24:
mp 107-108 °C
vmax\cm·1 1723 (C=O)
[a] ~ -19.3 0 (c 1.01 in CHCIl)
NMR:
0H 0.62 (3 H, S, 18-H), 0.82 (3 H, s, 26-H), 0.85 (3 H, s, 27-H), 0.86 (3 H, s, 21-H),
2.30 (1 H, br s, OH), 3.59 (1 H, ddd, J2•3 11.0 Hz, J3•4a 9.5 Hz, J3•4e 5.6 Hz, 3-H),
4.59 (2 H, dt, J 5.8 Hz, Jallylie 1.3 Hz, CH2=CHCH20),
5.24 (1 H, ddt, J eis 10.3 Hz, J gem 1.3 Hz, Jallylie 1.3 Hz, (H)HC=CHCH2) ,
5.33 (1 H, ddt, Jtram 17.2 Hz, Jallylie 1.4 Hz, J gem 1.3 Hz, (H)HC-CHCHz),
5.91 (1 H, ddt, Jlram 17.2 Hz, i: 10.3 Hz, J 5.8 Hz, CH2=CHCH20);
Oc 12.0 (C-19), 13.0 (C-18), 18.6 (C-21), 21.4 (C-11), 22.5 (C-26), 22.7 (C-27), 23.8 (C-23),
24.1 (C-15), 27.7 (C-25), 27.9 (C-16), 28.1 (C-6), 31.8 (C-7), 34.7 (C-8), 35.6 (C-20),
35.7 (C-l*), 36.1 (C-22), 37.4 (C-lO), 39.5 (C-24), 39.8 (C-12), 41.9 (C-4), 42.0 (C-13*),
42.6 (C-4*), 44.5 (C-5), 54.2 (C-9), 56.2 (C-17), 56.3 (C-14), 68.4 (OGl2CH =CH2) ,
73.2 (C-2), 80.6 (C-3), 118.9 (CH2=CH), 131.5 (CHz= CHCH20), 154.9 (OC02) ;
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mlz 488 (M+, 3%), 386 (M+- CH2=CHCH20 2COH, 100%), 311 (M+- CH2=CHCH20 2COH-
CH3, 25%).
5.3 Preparation ofthe carbohydrate chiron
Phenyl 2,3,4-tri-D-acetyl-l-thio-a-L-fucopyranoswe (3.3) and Phenyl 2,3,4-tri-D-acetyl-l-thio-P-L-
fucopyranoside (3.4)
L-(-)-Fucose (5.000 g, 30.458 mmol) was dissolved in pyridine (60 ml) and acetic anhydride (60 ml)
and stirred at room temperature. Within 2 h complete acetylation had taken place and the solution
was concentrated in vacuo. The residual pyridine was removed under reduced pressure as an
azeotrope with toluene. The tetra-acetate 3.2 (yellow syrup) thus prepared was dissolved in benzene
(40 ml), and thiophenol (3.240 mI, 36.550 mmol) and boron trifluoride etherate (315 pl, 3.064
mmol) were added. The solution was stirred at 65°C for 12 h whereafter the acid was neutralised
with a few drops of triethylamine. After the solution had been concentrated under vacuum, flash
chromatography (EtOAc-hexane, 1:5) yielded 3.3 (1.513 g, 13%) and 3.4 (9.890 g, 85%), both as
pale yellow syrups.
a-anomer 3.3:
[a]~ - 226.1 0 (c 1.15 in CHCI3)
vmax /cm" 1158 (acetate)
NMR:
On 1.11 (3 H, d, 1S•6 6.5 Hz, 6-H), 1.99,2.07 and 2.14 (9 H, 3 s, 3 COCH),
4.59 (I H, g, 1S•6 6.6 Hz, 5-H), 5.24-5.37 (3 H, m, 2-,3- and 4-H),
5.91 (I H, d, 11•2 4.8 Hz, I-H), 1.22-1.43 (5 H, m, aromatic);
Oc 15.8 (C-6), 20.6, 20.7 and 20.9 (3 COCH3) , 65.5, 68.0, 68.6 and 70.9 (C-2, 3, 4 and 5),
85.5 (C-I), 127.4 (para-SPh), 129.0 (2ortho-SPh), 131.7 (2 meta-SPh), 133.2 (ipso-SPh),
169.9, 170.2 and 170.5 (3 eaCH3) ;
mlz 382 (M+, 5%),273 (M+- SC6Hs, 68%).
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J3-anomer 3.4:
[al ~I + 7.80 (c 1.27 in CHCI3)
vmax\cm-
I 1758 (acetate)
NMR:
5H 1.21 (3 H, d, J5,6 6.4 Hz, 6-H), 1.95, 2.06 and 2.12 (9 H, 3 s, 3 OCH3) ,
3.81 (1 H, qd, J5,6 6.4 Hz, J4 ,5 1.0 Hz, 5-H), 4.68 (1 H, d, J1,2 9.9 Hz, I-H),
5.02 (1 H, dd, J2•3 10.0 Hz, J3,4 3.3 Hz, 3-H), 5.20 (l H, dd, J1,2 10.0 Hz, J2,3 10.0 Hz,
2-H), 5.24 (l H, dd, J3,4 3.4 Hz, J4•5 1.0 Hz, 4-H), 7.24-7.51 (5 H, m, aromatic);
5c 16.4 (C-6), 20.6, 20.7 and 20.8 (3 COCH3) , 67.2, 70.2, 72.3 and 73.1 (C-2, 3, 4 and 5),
86.4 (C-l), 127.9 (para-SPh), 128.8 (onho-SPh), 132.2 (meta-SPh), 132.8 (ipso-SPh),
169.4, 170.1 and 170.6 (3 eaCH3) ;
mlz 382 (M+, 5%),273 (M+-SC 6H5, 70%).
Phenyll-thio-P-L-fucopyranoside (3.6)
Phenyl 2,3,4-tri-O-acetyl-l-thio-J3-L-fucopyranoside (3.4) (3.000 g, 7.853 mmol) together with
anhydrous potassium carbonate (109 mg, 0.785 mmol) were stirred in methanol (10 ml) at room
temperature for 20 min. The mixture was evaporated to dryness and then filtered through a short
silica column using ethyl acetate as eluent. Upon in vacuo evaporation, 3.6 was obtained as white
crystals (1.809 g, 90%).
mp 76.5°C
[al~ +68.0° (c 1.04 in MeOH)
NMR:
5H 1.26 (3 H, d, J5,6 6.5 Hz, 6-H), 3.31 (2 H, br s, 20H),
3.51 (l H, dd, J2•3 9.1 Hz, J3,4 2.7 Hz, 3-H), 3.54 (l H, dd, J1,2 9.5 Hz, J2•3 9.1 Hz, 2-H),
3.66 (1 H, dd, J3,4 2.7 Hz, J4•5 1.0 Hz, 4-H), 3.67 (1 H, qd, J5,6 6.5 Hz, J4 ,5 1.0 Hz, 5-H),
4.70 (1 H, br s, OH), 4.35 (1 H, d, J1•2 9.5 Hz, I-H), 7.24-7.54 (5 H, m, aromatic);
s, 21.8 (C-6), 75.7, 77.9, 80.8 and 81.3 (C-2, 3,4 and 5), 94.8 (C-l), 132.9 (para-Ph),
134.6 (ortho, meta-Ph), 137.1 (ipso-Ph)
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mlz 256 (M+, 15%), 147 (M+- SPh, 40%)
Phenyl 4-0-acetyl-2-0-benzyl-I-thio-J3-L-fucopymnoside (3.31)
A mixture of phenyl l-thio-Bet-fucopyranoside (3.6) (400 mg, 1.563 mmol), triethyl orthoacetate
(860 JlI, 4.688 mmol) and a catalytic amount of p-toluenesulphonic acid (3 mg, O.Olmmol) in
benzene (3 ml) was stirred at room temperature until the mixture became completely homogeneous
(ca. 2 min). The solution was concentrated to one sixth of its original volume, diluted with
dichloromethane and washed with a saturated solution of sodium hydrogen carbonate. The organic
phase was dried (anhydrous N~SO.J and the solvent evaporated in vacuo to yield the crude phenyl
3,4-0-ethoxyethylidene(R and S)-I-thio-J3-L-fucopyranoside (3.27 and 3.28) as a yellow syrup. This
was dissolved in benzene (3 ml). After benzyl bromide (929 Ill, 7.810 mmol) and KOH (438 mg,
7.810 mrnol) had been added, the suspension was stirred at 70°C for 5 h until TLC indicated the
absence of starting material. Concentrated acetic acid (10 mI) was added to the solution of 3.29 and
3.30 at room temperature. After 10 min the solution was washed with a saturated solution of sodium
hydrogen carbonate, extracted with dichloromethane, dried (anhydrous N~S04) and concentrated in
vacuo. Flash chromatography (EtOAc-hexane, 1:5) yielded compound 3.31 as a colourless syrup
(497 mg, 82%).
[a]~ -26.6° (c 0.9 in CHCI)
NMR:
5H 1.20 (3 H, d, 15•66.4 Hz, 6-H), 1.60 (l H, br s, OH), 2.14 (3 H, s, COCH3) ,
3.56 (l H, dd, 1,,2 9. 6 Hz, 12.) 9.1 Hz, 2-H), 3.67 (1 H, qd, 15,64 Hz, 14,5 1.0 Hz, 5-H),
3.80 (l H, dd, 12.39.1 Hz, 13,4 3.5 Hz, 3-H), 4.62 (l H, d, J'.2 9.6 Hz, I-H),
4.64 and 4.94 (2 H, 2 d, 1 10.9 Hz, CH2Ph), 5.16 (1 H, dd, 13,4 3.4 Hz, 14,5 1.0 Hz, 4-H),
7.24-7.59 (10 H, m, aromatic);
5e 16.7 (C-6 ), 20.7 (COCH3 ), 72.7, 73.2, 73.9, 75.4 and 77.8 (C-2, 3, 4, 5 and CH2Ph ),
87.4 (C-l), 127.4 (ortho-SPh), 128.05 (ortha-Ph), 128.2 (meta-Ph), 128.5 (meta-SPh),
128.8 (para-Ph), 131.7 (para-SPh), 133.9 (ipso-Ph), 138.0 (ipso-SPh), 171.2 (COCH);
68
(2S,3R)-3-acetoxy-S-benzyloxy-2-methyl-2,3-dihydro-4H-pyran-4-one (3.33)
The Dess-Martin period inane oxidising agent (3.32) is no longer commercially available and was
prepared by a recent modification86(a) of the Dess-Martin procedure. 86(b) The alcohol 3.31 (100 mg,
0.258 mrnol) was added to a solution of the Dess-Martin reagent (3.32) (120 mg, 0.284 mmol) in
dichloromethane (1 mI) at room temperature. After 20 min the solution was diluted with 10 ml of
ether, and the resulting suspension was poured into saurated aqueous NaHC03 containing a
sevenfold excess of NaZSZ03' The ether layer was then washed with water, the solvent removed
under vacuum and the residue purified by flash chromatography (EtOAc-hexane, 1:3) to afford 3.33
(52 mg, 60%).
[a] ~ -7.5° (c 0.68 in CHCI3)
vrnax\cm-1 1689 (enone)
0H 1.32 (3 H, d, 15.6 6.7 Hz, 6-H), 2.14 (3 H, s, COCH}),
4.49 (I H, qd, 15.6 6.7 Hz, 14,53.3 Hz, 5-H), 4.85 and 4,92 (2 H, 2 d, J 11.5 Hz, CHzPh),
5.34 (1 H, d, J4•5 3.3 Hz, 4-H), 7.17 (1 H, s, I-H), 7_25-7.36 (5 H, m, aromatic);
Oc 14.4 (C-6), 20.4 (COCH3), 71.2 (C-4), 74.1 (C-5),. 76.9 (OIzPh), 128.2 (meta-Ph), 128.4
(onho-Ph), 128.5 (para-Ph), 136.5 (ipso-SPh), 136.6 (C-2), 154.0 (C-1), 169.3 (COCH 3),
182.9 (C-3).
Phenyl 4-O-acetyl-2-Q-benzyl-l-f}-thio-L-arabino-3-hexuloPYTanoside (3.35)
Trifluoroacetic anhydride (36 J,ll, 0.284 rnmol) was added dropwise to a cooled (-78°C) solution of
DMSO (44 ul, 0.619 mmol) in dichloromethane (0.5 rnl) with activated 3A molecular sieves.
Stirring was continued at -78°C for 12 min, followed by addition of the alcohol 3.31 (100 mg,
0.258 mrnol) as a dichloromethane solution over a 5-min period. The reaction mixture was stirred
for 20 min, and triethylamine (0.6 ml) was added while stirring at -78°C. The cooling bath was
removed and water (5 ml) was added at room temperature, tlle organic layer was dried (anhydrous
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NaZS04) and evaporated in vacuo. Flash chromatography (EtOAc-hexane, 1:3) gave the ketone 3.35
(52 mg, 52 %) as a crystalline product.
mp 95-96°C
vrnax\cm·
1 1735 (C=O)
[a]~ +38.8° (c 0.6 in CHCI3)
0H 1.33 (3 H, d, J5•6 6.5 Hz, 6-H), 2.01 (3 H, s, COCH3) ,
3.82 (1 H, qd, J5•6 6.5 Hz, J4 ,5 1.2 Hz, 5-H), 4.08 (1 H, d, J1,2 9.3 Hz, 2-H),
4.45 and 4.76 (2 H, 2 d, J 11.4 Hz, CH2Ph), 4.73 (1 H, d, J1•2 9.3 Hz, I-H),
4.86 (1 H, d, J4,5 1.2 Hz, 4-H), 7.21-7.68 (10 H, m, aromatic);
Oc 16.4 (C-6), 20.3 (COCH3) , 72.9, 75.8, 78.9 and 79.5 (C-2, 4, 5 and CHzPh), 88.7 (C-l),
128.0 (para-Ph), 128.2 (para-SPh), 128.3 (onho-SPh), 128.4 (ortho-Ph), 128.8 (meta-Ph),
131.9 (meta-SPh), 133.4 (ipso-SPh), 136.7 (ipso-Ph), 169.8 (COCH3) , 200.7 (C-3);
m/z 387 (M+ +H, 0.5%), 277 (M+- SPh, 2%), 187 (M+- SPh - CHPh, 9%).
Phenyl 4-O-acetyl-2-o-benzyl-3-o-pyruvoyl-I-thio-p-L-jucopyranoside (3.37)
The puruvoyl chloride reagent' was prepared by the method of Ottenheijm and Tijhuis l65 from
pyruvic acid and a,a-dichloromethyl methyl ether. The a,a-dichloromethyl methyl ether was
prepared l66 from phosphorus pentachloride, phosphorus oxychloride and methyl formate.
The hydroxyl 3.31 (100 mg, 0.258 mmol) was dissolved in benzene (I ml). Addition of pyruvoyl
chloride (55 mg, 0.516 mmol) and pyridine (104 ul, 1.290 mmol) caused the immediate precipitation
of pyridinium hydrochloride. The suspension was stirred at room temperature for 30 min whereafter
it was filtered through a short plug of silica. In vacuo concentration of the solution, followed by
flash chromatography (EtOAc-hexane, 1:3) of the residue yielded 3.37 as a colourless syrup (24 mg,
20%).
[a] ~ - 29.37° (c 1.00 in CHCI3)
vrnax\cm'l 1732 (C=O)
NMR:
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0H 1.23 (3 H, d, JS •6 6.4 Hz, 6-H), 2.11 (3 H, s, OCOCH3) , 2.33 (3 H, s, COCOCH3) ,
3.80 (1 H, qd, J S•6 6.6 Hz, J4 •5 1.0 Hz, 5-H), 3.81 (l H, dd, J 1•2 - J2•3 9.6 Hz, 2-H),
4.58 and 4.83 (2 H, 2 d, J 10.8 Hz, CH2Ph), 4.69 (l H, d, J1•2 9.7 Hz, I-H),
5.04 (1 H, dd, J2•3 9.5 Hz, J3•4 3.4 Hz, 3-H), 5.26 (l H, dd, J3,4 3.4 Hz, J4,5 1.0 Hz, 4-H),
7.22 - 7.61 (10 H, m, aromatic);
oe 16.4 (C-6), 20.6 (OCOrn3) , 26.3 (COCOCH3) , 70.3 (C-4), 72.8 (C-2), 74.7 (C-5),
75.5 (0I2Ph), 76.9 (C-3), 87.6 (C-l), 127.8 (onho-SPh), 127.9 (onho-Ph),
128.0 (meta-SPh, meta-Ph), 128.4 (P-Ph), 128.9 (P-SPh), 132.2 (ipso-Ph), 137.7 (ipso-SPh),
159.8 (COCOCH3) , 170.7 (OCOCH 3) , 190.6 (COCOCH 3) ;
m/z 458 (M+, 1%),349 (M+ - SC6Hs, 18%),
111 (M+ - SC6Hs - CH2Ph - OAc - CH3COC02H, 40%).
Phenyl 4-O-acetyl-2-Q-benzyl-3-Q-bromoacetyl-l-thio-p-L-jucopyranoside (3.41) and
PhenyI4-O-acetyl-2-Q-benzyl-3-chloro-3-deoxy-l-thio-p-L-quinovopyranoside (3.42)
A stirred solution of 3.31 (100 mg, 0.258 mmol) in dichloromethane (1.5 ml) and pyridine (23 J.11,
0.284 mmol) was treated with bromoacetyl chloride (64 J.11, 0.774 mmol) at 0 °C and stirred for 15
min. The initially colourless solution turned into a brilliant yellow suspension which was washed
with water and extracted with dichloromethane. The organic phase was dried (anhydrous NaZS04),
evaporated and flash chromatographed (EtOAc-hexane, 1:3) to afford 3.41 (54 mg, 45%) and the
slightly more polar 3.42 (50 mg, 51 %).
[a] ~ - 29.37° (c 1.00 in CHCI3)
vmax\cm-1 1732 (C=O)
NMR:
Product 3.41:
0H 1.23 (3 H, d, JS•6 6.4 Hz, 6-H), 2.11 (3 H, s, COCH3) , 2.33 (2 H, s, COCH2Br),
3.80 (1 H, qd, JS •6 6.6 Hz, J4 •5 1.0 Hz, 5-H), 3.81 (1 H, dd, J 1•2 - J2•3 9.6 Hz, 2-H),
4.58 and 4.83 (2 H, 2 d, J 10.8 Hz, CH2Ph), 4.69 (1 H, d, J1,2 9.7 Hz, I-H),
5.04 (1 H, dd, J2•3 9.5 Hz, J3•4 3.4 Hz, 3-H), 5.26 (l H, dd, J3.4 3.4 Hz, J4•S 1.0 Hz, 4-H),
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7.22 -7.61 (10 H, m, aromatic);
oe 16.4 (C-6), 20.6 (C00l3) , 26.3 (COCHzBr), 70.3 (C-4), 72.8 (C-2), 74.7 (C-5),
75.5 (CHzPh), 76.9 (C-3), 87.6 (C-1), 127.8 (onho-SPh), 127.9 (ortho-Ph),
128.0 (meta-SPh, meta-Ph), 128.4 (para-Ph), 128.9 (para-SPh), 132.2 (ipso-Ph),
137.7 (ipso-SPh), 170.7 (OCOCH3) , 171.6 (CDCHzBr);
m/z 509 (M+, 2%), 400 (M+ - SC6H5, 18%).
Product 3.42:
(a]~ +22.5° (c 1.22 in CHCl)
0H 1.16 (2 H, d, J5•6 6.5 Hz, 6-H), 2.01 (3 H, s, COCH3) ,
3.52 (1 H, dd, J1•Z 9.3 Hz, 1Z•3 3.7 Hz, 2-H), 4.38 (1 H, dd, 13•4 4.5 Hz, 1Z•3 3.7 Hz, 3-H),
4.43 (l H, qd, 1S•6 6.4 Hz, 14.s 1.1 Hz, 5-H), 4.55 and 4.63 (2 H, 2 d, J 11.7 Hz, CHzPh),
4.99 (l H, dd, J3•4 3.4 Hz, J4•5 1.1 Hz, 4-H), 5.10 (l H, d, J1•Z 9.3 Hz, I-H),
7.24-7.59 (10 H, m, aromatic);
oe 16.5 (C-6), 20.6 (COOl), 51.2 (C-3), 69.3, 71.1, 71.7 and 73.7 (C-2,4,5, CHzPh),
84.8 (C-1), 127.4 (para-SPh), 127.8 (para-Ph), 128.0 (ortho-SPh), 128.2 (onho-Ph),
128.4 (meta-Ph), 128.7 (meta-SPh), 129.7 (para-Ph), 132.2 (para-SPh), 133.4 (ipso-Ph),
136.8 (ipso-SPh), 169.7 (COCH);
m/z 298 (M+- SC6Hs, 5%).
Phenyl 4-O-acetyl-2-Q-benzyl-3-Q-tert-butyldimethylsilyl-l-thio-P-L-jucopyranoside (3.44)
A solution of 3.31 (643 mg, 1.657 mmol) in DMF (7 ml) was treated with imidazole (451 mg, 6.629
mmol) and ten-butyldimethylsilyl chloride (999 mg, 6.629 mmol). The solution was stirred
overnight at 85°C and then concentrated in vacuo. The residue was suspended in dichloromethane,
washed with water, dried (anhydrous NazSOJ and evaporated. Purification by flash chromatography
(EtOAc-hexane, 1:5) afforded syrupy 3.44 (790 mg, 95%).
[a]~ + 7.00 (c 1.10 in CHCI3)
NMR:
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0H 0.03 and 0.08 (6 H, 2 s, SiM~), 0.98 (9 H, s, SiCM~), 1.21 (3 H, d, J5•6 6.5 Hz, 6-H),
3.57 (1 H, dd, J 1•2 9.8 Hz, J2•3 8.8 Hz, 2-H), 3.69 (1 H, q, J5,6 6.1 Hz, 5-H),
3.79 (1 H, dd, J2•3 8.8 Hz, J3,4 3.2 Hz, 3-H), 4.64 (1 H, d, J1•2 9.8 Hz, I-H),
4.70 and 4.82 (2 H, 2 d,1 to.3 Hz, CH2Ph), 5.10 (l H, d, J3,4 3.2 Hz, 4-H),
7.26-7.59 (10 H, m, aromatic);
oe -4.8 and -4.7 (Si(CH3)2)' 16.8 (C-6), 17.8 (SiC(CH3)3)' 20.8 (COCH3), 25.7 (SiC(CH3)3)'
73.1, 73.5, 74.6, 75.5, 78.0 (C-2, 3,4,5 and CH2Ph), 87.9 (C-l), 127.2 (ortho-SPh),
127.5 (ortho-Ph), 127.9 (meta-Ph), 128.2 (meta-SPh), 128.7 (para-Ph), 131.6 (para-SPh),
134.4 (ipso-Ph), 138.31 (ipso-SPh), 170.5 ( COCH3) ;
m/z 445 (M+ - CM~, 5%), 393 (M+ - SC6Hs, 12%)
5.4 Glycoside formation and subsequent reactions
3f3-(4-O-acetyl-2-o-benzyl-3-o-tert-butyldimethylsilyl-a.-L-fucopyranosyloxy)-2a-
(allyloxycarbonyl)oxy-Sa-cholestane (4.13)
The monosaccharide 3.44 (500 mg, 0.996 mmol) and the steroid 2.24 (485 mg, 0.996 mmol) were
dried together prior to use by dissolving the mixture in toluene and evaporating the solvent to
dryness. The residue, dissolved in diethyl ether (5 ml), was cooled to 0 °C and treated with N-
iodosuccinimide (260 mg, 1.155 mmol) and tritluoromethanesulphonic acid (18 ~l, 0.199 mmol).
The resulting dark brown solution was stirred at 15°C for 30 min whereafter the acid was
neutralised by the addition of a saturated solution of NaHC03 (2 ml) at 0 °C. The solution was
washed with a saturated solution of NaHC03-NazS203' the organic phase dried (anhydrous NazS04)
and concentrated under reduced pressure. Flash chromatography (EtOAc-hexane, 1:20) yielded the
colourless syrups 4.13 (427 mg, 55%) and the J3-anomer (93 mg, 12%) respectively.
a-anomer 4.13:
NMR:
0H 0.06 (6 H, 2 s, SiM~), 0.84, 0.86 and 0.87 (9 H, 3 s, SiC(CH3)3),
1.05 (3 H, d, 15,6 6.5 Hz, 6'-H), 2.12 (3 H, s, COCH3) ,
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3.60 (1 H, dd, J2 ,3 9.8 Hz, J t •z 3.6 Hz, 2'-H), 4.04 (1 H, dd, J2 ,3 9.8 Hz, J3,4 3.6 Hz, 3'-H),
4.13 (1 H, q, JS,6 6.6 Hz, S'-H), 4.52 and 4.72 (2 H, 2 d, J 12.2 Hz, CHzPh),
4.59 (2 H, dt, J 5.6 Hz, Jallylie 1.4 Hz, OCHzCH=CHz), 4.84 (1 H, d, J t •2 3.6 Hz, 1'-H),
5.05 (1 H, d, J3,4 3.6 Hz, 4'-H),
5.26 (1 H, ddt, J eis 10.4 Hz, J gem 1.4 Hz, Jallylie 1.4 Hz, (H)HC=CHCHz),
5.33 (1 H, ddt, J tram 17.2 Hz, Jallylie 1.5 Hz, J gem 1.4 Hz, (H)HC=CHCHz),
5.89 (1 H, ddt, Jt ram 17.2 Hz, J eis 10.4 Hz, J 5.7 Hz, CHzCHCHz),
7.22 - 7.33 (5 H, m, aromatic);
Oc -5.0 and -4.7 (Si(CH3)z), 12.1 (C-19), 13.0 (C-18), 16.1 (C-6'), 17.9 (SiCM~), 18.7 (C-21),
20.9 (C-1*), 20.9 (COCH3) , 21.4 (C-ll), 22.5 (C-26), 22.8 (C-27), 23.8 (C-23), 24.2 (C-
15),
25. and 25.8 [SiC(QI3n], 28.0 (C-25), 28.2 (C-16), 31.8 (C-7), 32.0 (C-6*), 34.7 (C-8),
35.8 (C-20), 36.2 (C-22), 37.0 (C-1*), 37.2 (C-lO*), 39.5 (C-24), 39.9 (C-12), 42.5 (C-4*),
42.6 (C-13), 44.1 (C-5), 54.2 (C-9), 56.3 (C-14),
64.7,68.1,69.0, 74.6 and 76.7 (C-2', 3', 4',5' and CHzPh), 73.2 (C-2), 76.8 (C-3),
94.6 (C-1'), 118.8 (CHz=CH), 127.5 (para-Ph), 128.0 (meta-Ph), 128.2 (orrho-Ph),
129.2 (ipso-Ph), 131.7 (CHz=OICHz), 154.6 (0COz), 170.6 (COCH3) ;
m/z 445 (M+- aglycone - CM~, 3 %).
3J}-(4-O-acetyl-2-Q-benzyl-a.-L-!ucopyranosyloxy)-2a-(allyloxycaroonyl)oxy-Sa-cholestane (4.14)
and
3J}-(3-Q-acetyl-2-Q-benzyl-a.-L-jucopyranosyloxy)-2a-(allyloxycaroonyl)oxy-Sa-cholestane (4.15)
A solution of 4.13 (250 mg, 0.321 mmol) in THF (2 ml) was cooled to 0 °C. While meticulously
maintaining the temperature at 0-5 °C, tetrabutylammonium fluoride (as a 1.0 M solution in THF;
481
~I, 0.481 mmol) was added in several small portions over a period of 4 h until TLC indicated the
complete consumption of the starting material. The solution was washed with water, dried
(anhydrous N~S04) and concentrated. Flash chromatography (EtOAc-hexane, 1:5) yielded the
chromatographically inseparable4.14 and 4.15 as a colourless syrup (128 mg, 60%).
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NMR:
OH 2.06 and 2.12 (6 H, 2 s, 2 COCH3) , 3.58 (1 H, m, 3-H), 4.16 (1 H, q, J4,5 6.5 Hz,S'-H),
4.59 (2 H, dt, J 5.6 Hz, Jallylie 1.4 Hz, OCH2CH=CHz), 4.88 (l H, d, J1,z 3.9 Hz, 1'-H),
4.95 (1 H, d, J1,2 3.4 Hz, l'-H of other isomer),
5.26 (l H, ddt, Jeis 10.4 Hz, J gem 1.4 Hz, Jallylie 1.4 Hz, (H)HC=CHCH2) ,
5.33 (1 H, ddt, JtranB 17.2 Hz, Jallylie 1.5 Hz, J gem 1.4 Hz, (H)HC=CHCHz),
5.89 (l H, ddt, Jtrans 17.2 Hz, Jeis 10.4 Hz, J 5.7 Hz, CHzCHCHz), 7.24-7.39 (7 H, m,
aromatic);
Oc 12.0 (C-19), 12.9 (C-18), 15.8 and 16.0 (2 x C-6'), 18.6 (C-21), 20.7 (C-l), 21.0 (2
CO013) , 21.3 (C-11), 22.5 (C-26), 22.7 (C-27), 23.8 (C-23), 24.1 (C-15), 27.9 (C-25), 28.0
(C-16),
31.8 (C-7), 32.2 (C-6), 34.7 (C-8), 35.7 (C-20), 36.1 (C-22), 39.5 (C-24), 39.8 (C-12),
42.4 (C-4*), 42.5 (C-13), 44.0 (C-5), 54.1 (C-9), 56.2 (C-14*),
64.8, 65.3, 67.8, 68.1, 70.8, 72.7, 73.2, 73.3, 76.4 and 76.8 (2 x C-2', 3', 4', 5' and
aIzPh), 93.9 (C-l'), 94.6 (C-l' of other isomer), 118.5 and 118.9 (2 x aIz=CH),
127.7, 127.8, 127.9, 128.0, 128.3, 128.5, 138.0 and 138.3 (2 x aromatic),
154.4 and 154.5 (2 x OCOz), 169.9 and 171.0 (2 x eaCH3) .
3p-(3-Q-acetyl-2-Q-benzyl-a-L-arabin0-4-hexulosyloxy)-2a-(allyloxycarbonyl)oxy-Sa-cholestane
(4.16)
The products 4.14 and 4.15 (128 mg, 0.192 mmol) were, together, treated with 3.32 (163 mg, 0.384
mmol) in dichloromethane (1.5 ml) at room temperature. Within 10 min the reaction had proceeded
to completion and was worked-up by washing the solution with a saturated solution of NaHC03-
NazSz03' extracting with dichloromethane, drying (anhydrous NazS04) the organic phase and
concentrating it under reduced pressure. Flash chromatography (EtOAc-hexane, 1:8) yielded 4.16
(57 mg, 45%) as a pale yellow syrup.
NMR:
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0H 2.12 (3 H, s, OCH3) , 3.66 (l H, dt, J2 •3 10.9 Hz, J3,4 4.3 Hz, 3-H),
3.78 (l H, dd, J 2 ,3 to.7 Hz, 11,2 3.5 Hz, 2'-H), 4.48 (1 H, q, JS,6 6.5 Hz, 5'-H),
4.58 and 4.71 (2H, 2 d, J 12.4 Hz, CH2Ph),
4.59 (2 H, dt, J 5.9 Hz, Jallylie 1.4 Hz, CH2=CHCH2) ,
4.86 (l H, dt, J 2 •3 10.9 Hz, 11,25.1 Hz, 2-H), 5.01 (1 H, d, J 1•2 3.4 Hz, 1'-H),
5.20 (1 H, ddt, J cis to.8 Hz, 19em 1.5 Hz,1allylie 1.4 Hz, (H)HC=CHCH2) ,
5.27 (l H, ddt, J t f81U 16.8 Hz,lgem 1.5 Hz, 1al1y1ic 1.4 Hz, (H)HC=CHCH2) ,
5.52 (l H, d, J 2•3 10.7 Hz, 3'-H),
5.86 (l H, ddt, J t f81U 16.5 Hz, leis 10.2 Hz, 1 5.9 Hz, CH2=CHCH2) ,
7.24-7.37 (5 H, m, aromatic);
Oc 12.0 (C-19), 12.9 (C-18), 16.7 (C-6'), 18.7 (C-21), 20.5 (C-l*), 21.3 (COCH3) ,
22.5 (C-26), 22.7 (C-27), 23.8 (C-23), 24.2 (C-15), 27.9 (C-25), 27.9 (C-16), 28.2 (C-17*),
31.8 (C-?*), 32.2 (C-6), 34.7 (C-8), 35.7 (C-20), 36.1 (C-22), 39.5 (C-24), 39.8 (C-12*),
42.5 (C-4), 42.6 (C-13), 44.1 (C-5), 54.2 (C-9), 56.2 (C-14),
68.4,69.3,73.1 and 76.2 (C-2,3,5 and aI2Ph), 94.2 (C-l'), 119.0 (0I2 = CH),
127.8 (para-Ph), 128.0 (onho-Ph), 128.5 (onho-Ph), 131.4 (meta-Ph), 137.7 (ipso-Ph),
154.4 (OC~), 169.5 (COCH3) .
Phenyl4-O-acetyl-3-o-aIlyloxycarbonyl-2-Q-benzyl-l-thio-P-L-jucopyranoside (4.18)
Allyl chloroformate (109 ul, 1.030 mmol) was added to a solution of 3.31 (80 mg, 0.206 mmol) and
pyridine (83 ul, 1.030 mmol) and tetrahydrofuran (2 ml) at 0 °C. The temperature of the solution
was maintained at this temperature for 3 h, whereafter it was allowed to gradually heat to room
temperature. The solution was stirred for a further 2 h; the solvents were then evaporated under
diminished pressure. Flash chromatography of the residue (EtOAc-hexane, 1:5) afforded 4.18 (83
mg, 85%) as a colourless syrup.
[ex] ~ -35.3 0 (c 1.06 in CHCI3)
NMR:
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0H 1.22 (3 H, d, 15,6 6.4 Hz, 6-H), 2.14 (3 H, s, COCH3) , 3.73 (1 H, dd, 11•2 - 12•3 9.6 Hz, 2-
H), 3.77 (l H, dq, 15,66.4 Hz, 5-H), 4.59 (2 H, dt, 15.8 Hz, lallylic 1.4 Hz, OCH2CH=CHz),
4.59 and 4.82 (2 H, 2 d, 110.7 Hz, CHzPh), 4.67 (1 H, d, 11,z 9.6 Hz, I-H),
4.86 (1 H, dd, J2,3 9.6 Hz, 13,4 3.3 Hz, 3-H),
5.24 (1 H, ddt, leis 10.4 Hz, lallylie 1.4 Hz, 1gem 1.3 Hz, (H)HC=CHCH2) ,
5.31 (1 H, ddt,ltram 17.3 Hz, l al1ylie 1.4 Hz, 19em 1.3 Hz, (H)HC=CHCHz),
5.34 (1 H, d, 13,4 3.3 Hz, 4-H),
5.90 (1 H, ddt,ltrans 17.3 Hz, leis 10.3 Hz, 15.8 Hz, CH2=CHCHz),
7.22-7.60 (10 H, m, aromatic);
Oc 16.5 (C-6), 20.6 (COCH3) , 68.8 (OCHzCH=CHz),
70.5, 72.8, 75.2, 75.5 and 78.7 (C-2, 3, 4, 5 and Q-IzPh), 87.4 (C-l), 118.9
(OCHzCH=CHz), 127.6 (onho-SPh), 127.7 (onho-Ph), 127.9 (meta-Ph), 128.2 (meta-SPh),
128.8 (para-SPh), 131.3 (OCHzQ-l=CHz), 132.2 (para-Ph), 133.3 (ipso-Ph), 137.8 (ipso-
SPh), 153.9 (OCOz), 170.4 (COCH3) ;
mlz 363 (M+- SC6Hs, 4%).
Phenyl 4-O-acetyl-2-Q-benzyl-I-p-thio-L-arabino-3-hexulopyranoside (3.35)
The allylic carbonate 4.17 (100 mg, 0.211 mmol) and Pd(OAc)z (5 mg, 0.021 mmol) was heated in
dry acetonitrile (2 ml) at 80°C for 2 h. The crude product, obtained after in vacuo concentration of
the reaction mixture, was purified by flash chromatography (EtOAc-hexane, 1:3) to give 3.35 (59
mg,72%).
Characterization described on p. 69.
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